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INTRODUCTION
The following paragraphs outline the areas that were investigated for
this study. The specific results are summarized in reports that are included
as appendices. These reports should be read for a description of the methods

used and results obtained.

A LITERATURE REVIEW

One objective of this study was to perform a literature review. A
literature review was undertaken to identify past work on stormwater
management (SWM), with special emphasis on SWM in coastal areas. A detailed
literature review was undertaken and summarized in the following report
(see Appendix A):

"Detention/Retention for the Control of the Quantity and Quality

of Stormwater Runoff: State-of-the-Art" by R.H. McCuen, S.G. Walesh,
and W.J. Rawls
The report is currently being printed by the USDA~SEA-AR. Copies should be
available in the near fﬁture.

With respect to the objectives of this project, the literature contains
only a few articles. Research on stormwater management in coastal areas is
almost totally lacking, especially research that discusses the applicability
of existing SWM methods to coastal areas and the interaction between SWM and
agricultural drainage.

Because of the importance of policy and design and because the literafure
review revealed very little information, the primary emphasis for the study was
placed on SWM policy and design. Because the SCS methods are widely used in
MD, a major emphasis was placed on the applicability of these methods in

coastal areas.



STORMWATER MANAGEMENT METHODS
There is a legitimate concern about the use of detention storage in low
religf areas such as coastal areas and wetlands. Numerous summaries that
outline various methods have been compiled. The summary of methods provided
in Chapter 7 of TR-55 is fairly comprehensive. Another summary is provided
in the following report (see Appendix B):

"Summary of Stormwater Management Methods and Their Applicability
in Coastal Wetlands" by R.H. McCuen and S.L. Wong.

It is difficult to make universal statements about their applicability in
coastal areas. The effectiveness of any method is highly dependent on site
characteristics, as indicated in the report referenced above. It appears that
maximum efficiency can be obtained by selecting several methods that agpear

to be effective for a given site and incorporating them into an integrated
design approach. From a hydraulic/hydrologic viewpoint, there is no reason

to reject any one method in cocastal areas. Site characteristics, including
soil type, slope, elevation of the water table, and land use, will determine

the effectiveness of any method.

STORMWATER MANAGEMENT POLICY

While analysis of and research on stormwater management design methods is
important, stormwater management programs will not be effective if the design
methods are not a part of a comprehensive stormwater management policy. Inade-
quate stormwater management policies can lead to poor designs. Because most
governing units (i.e., state, county, and local governments ) have had to develop
policy statements on their own, there are wide differences in the extent and
content of most policies. A survey was undertaken as part of this study to

collect SWM policy statements and design standards. An analysis of these
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documents identified numerous important elements. The following report out-
lines the aspects of SWM that should be considered in the development of a

new policy or modification of an existing policy (see Appendix C):

"Components of a Model Stormwater Management Policy" by
M.E. Hawley and R.H. McCuen

It is important to state that this report is intended only as a guide in
developing a policy. Because each locality is different, the individual
components should be considered in detail for each governmental unit thatvis
developing a policy. For example, agricultural areas may warrant a policy
that is different from a policy designed for urban areas. Similarly, a policy
for a coastal area may emphasize components that are not important to non-
coastal areas. A model SWM policy should not be adopted without proper

consideration of each component for the locality for which it is intended.

TEST OF THE‘SCS METHOD
Because of the widespread use of the SCS TR-55 methods im Maryland, two
aspects of design were tested. Firstly, methods of deriving a watershed runoff
curve number (CN) estimate were compared. While the data base was not solely
for Maryland, most of the wa£ersheds were of low relief. The results are

summarized in the following report (see Appendix D):

"Comparison of Methods for Determining Urban Runoff Curve Numbers”
by W.J. Rawls, A. Shalaby and R.H. McCuen.

While the watersheds are urbanized, the results of the study are just as

applicable for agricultural watersheds.
Secondly, the TR-55 methods were tested using a national data base.
While urban watersheds were used in the study (because the title of TR-55

specifies urban watersheds), the results should also be applicable to watersheds



with nonurban land uses. The results are summarized in the following
report (see Appendix E):

"Evaluation of the SCS Urban Flood Frequency Procedures" by
R.H. McCuen, W.J. Rawls, and S.L. Wong.

THE USE OF SCS METHODS FOR DESIGN IN COASTAL AREAS

It is current practice to‘use the SCS hydrologic design methods (TR-20
and TR-55) for design in Maryland. Because of the concern over the unit
hydrograph that is usually used with TR-20 and the tabular method of TR-55,
vSCS analyzed hydrologic data from coastal areas in Maryland and Delaware.
The results of the study indicated that a different unit hydrograph should
be used in coastal areas. The commonly used unit hydrograph is characterized
by a peak rate factor (Df) of 484; the 5CS study indicated that D_ should be

£

about 284. SCS developed the unit hydrograph for a D_ of 284; a version of

£

the SCS TR~55 tabular method was developed for a D_ of 284; it is available

£
from the MD SCS.

If the SCS methods are to be used for hydrologic design, including storm-
watey management computations, in coastdl areas, then the ynit hydrograph is
& Oery Important element. Thus, one vbjective of this study was to examine
the peak rate factor, Df in more detail. The results of this part of the

investigation are summarized in the following report (see Appendix F):

"Estimating the SCS Peak Rate Factor" by R.H. McCuen and
T.R. Bondelid. '

The results indicate that a constant peak rate factor of 284 is reasonable for

the coastal areas but it may be somewhat low. A low value of Df would produce



low estimates of the design peak discharge. However, a Df of 28B4 is better
than the Df of 484 for coastal areas of MD. The paper indicates that more
accurate designs can be obtained by developing the time-storage curve for
a watershed and computing the Df from the time-storage curve. While some
additional effort is required, computation of the time-storage curve does not
require data beyond that normally compiled for a hydrologic study.

If storm event rainfall/runoff data are available, then the accuracy
of designs using the SCS methods can be improved by calibrating the unit
hydrograph directly from the rainfall/runoff data. A version of TR-20 that
can be used to calibrate the unit hydrograph was developed as part of this
study. It is described in detail, including a user's manaual, in the following
report (see Appendix G):

"An Automatic-Fitting Version of the SCS TR-20 Hydrologic Model"
by T.R. Bondelid and R.H. McCuen.

A copy of the computer program can be obtained from R. H. McCuen.

The TR-20 program can be mocdified for use in coastal areas by changing
the unit hydrographs. The ordinates of the unit hydrograph are contained in
the array DIMHYD, which is assigned values by reading the ordinates in
through lines 139-185 of subroutine READIN of TR-20. If one waﬁts to permanently
modify the TR-20 program to include a dimensionless unit hydrograph other than
the standard SCS unit hydrograph, then lines 168-176 of the MAIN program and
lines 28-32 of the BLOCK DATA program need to be changed. The array DHX of
BLOCK DATA contains the standard dimensionless unit hydrograph. These could
be replaced by another dimensionless unit hydrograph, such as the one developed

by SCS for coastal areas (Df = 284).



DOWNSTREAM EFFECTS OF STORMWATER DETENTION BASINS
While stormwater detention basins are widely used for controlling the
hydrologic effects of development, there is some concern that these basins
may actually create downstream problems. Thus, one objective of this study
was to develop a technique that could be easily applied at a site to determine
whether or not a more detailed analysis is necessary. The method is présented
in the following report (see Appendix H):

"A Planning Method for Evaluating Downstream Effects of Detention
Basins" by M.E. Hawley, T.R. Bondelid, and R.H. McCuen.

The method requires very little computational effort; also it is not necessary
to collect additional data to use the method. If the method indicates that
there may be a downstream problem created by the detention basin, then a
comprehensive watershed analysis should be made using TR-20. The effect on
channel stability can be made using conventional hydraulic computations, such

as the critical velocity method.

INTEGRATED STORMWATER RUNOFF DESIGN
There is a legitimate concern about the use of detention storage in coasfal

areas. Traditional design methods were often developed using data from non-
coastal areas. If these design methods are used in coastal areas, they may
require an excessive amount of storage. This is especially critical because

of the land that wquld be required to satisfy the required storage specified

by the design method. An integrated approach to stormwater control appears

to offer the most efficient design for controlling stormwater runoff. The

A following reports provide details on the incorporation of various design
methods into computation of detentioﬁ storage requirements using TR-55 (see

Rppendices I,J, and K):



1. "Integrated Stormwater Management Design" by S.L. Wong and
R.H. McCuen.

2. "The Effects of Vegetated Buffer Strips on Runoff Quantity and
Quality" by S.L. Wong and R.H. McCuen.

3. "Design of Infiltration Trenches for Control of Stormwater
Runoff"” by S.L. Wong and R.H. McCuen.

These methods would be especially useful in coastal areas. Buffer strips would
be effective for both quantity and quality control; they are especially useful
for limiting sediment inflow into streams. If properly maintained, they cag
reduce runoff volumes significantly. Even the volume of direct runoff from

a large storm can be reduced by 5 to 10 percent. Such a reduction can be

used to decrease the amount of detention storage required.

RECOMMENDATIONS FOR HYDROLOGIC DESIGN

I recommend the following general policy for hydrologic design:

1. Peak discharges for small drainage areas should be estimated using
the TR-55 methods, the chart and graphical methods. The graphical
method should be used when an accurate estimate of the time of
concentration is available. For low sloped coastal areas, the
graphical method based on a peak rate factor of 284 should be used.
If such an estimate is not available, then the chart method should
be used. When the chart method is used, every attempt shoula be
made to obtain the data necessary to include the corrections and
adjustments. Computation sheets for these methods are available in
the following text:

McCuen, R.H., A Guide to Hydrologic Analysis Using SCS
Methods, Prentice-Hall, Inc., Englewood Cliffs, NJ, 1982.




If the drainage area has a significant channel system and very
accurate estimates of the travel times through the channel reaches
are not available, the USGS state equation should be used to
estimate peak discharges. The USGS equations are given in the
following report:

Walker, P.N., Flow Characteristics of Maryland Streams,

Rept. of Investigators, No. 16, Maryland Geological Survey,
1971.

If a runoff hydrograph is needed for an inlet area, then the TR-55
tabular method should be used. The expected accuracy of the method
will be greatest when the estimates of the times of concentration
and travel times for the channel are accurate. The method is
especially useful forexamining the effects of projected watershed
modifications, such as when an area will be cleared of forest land
and put into agricultural uses. For low sloped coastal areas, the
tabular method based on a peak rate factor of 284 should be used.
If a runoff hydrograph is needed and the channel system is significant,
the SCS TR-20 program should be used. The TR-20 program should not
be used in place of hydraulic computations, such as for the calculation
of flow through bridge openings; the Corps of Engineers HEC-2
program should be used for such problems.
Where pipe systems represent a major component of the runoff
process, a computer model such as INDRA should be used. A Users
Manual for the INDRA model is available:

Donahue, J. and McCuen, R., "User's Manual: Integrated Direct

Runoff Algorithm: INDRA," Technical Report, Dept. of Civil
Engineering, University of Maryland.



CHANNEL STABILITY

The literature includes very little research concerning the interaction
between land use changes and the stability of channels downstream. The method
proposed in Appendix H can be used to evaluate the potential for SWM at a
site to cause downstream flooding problems. Research to date on the effect
of downstream flooding on channel stability is quite theoretical and does not
provide a universally accepted means of assessing the interaction. Site
specific data requirements are very significant, which prevents this research
from being widely used. However, preliminary efforts indicate that SWM does
not totally mitigate the effects of land use conversion, especially when
channel stability is in guestion. A method is outlined in report of
Appendix L:

"The Effect of Land Use Change and Stormwater Management on Flow-
Duration Curves," by S.L. Wong, R.H. McCuen, and M.E. Hawley.

While estimates made by the method given in the report may not be highly
accurate, there is no reason to believe that the relative effects are
inaccurate. The flow-duration curve is a better tool for analyzing the effects

of land use change and SWM when channel stability is a primary concern.

AGRICULTURAL DRAINAGE
The need for stormwater management can result from the conversion of
forested land to agricultural uses, as well as from urbanization. On the
Eastern Shore of Maryland the majority of changes in land use involve the
establishment of new agricultural areas; there is very little urban development.
This region is characterized by very low slopes and high water tables; most
of the soils are sandy. Conversion of forested areas to agricultural land

can cause hydrologic problems due to both increases in the wvolume and
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magnitude of peak runoff and increased erosion and sedimentation.

Cutting and clearing forest vegetation in order to develop agricultural
lands Qill result in increased volume of runoff for some types of storms.

The forest land covef intercepts a large percentage of rainfall, both in the
tree leaf canopy and in the dead leaf layer at the ground surface. When the
forest canopy is removed, this level of interception_of rainfall will not
occur; even if agricultural crops are planted, the amount of storage in the
land cover will generally be less than that of the forest cover. For low-
intensity storms, much (if not all) of this formerly-intercepted water will
infiltrate into the soil, especially in the sandy soils typical of the Eastern
Shore; for longer duration storms, the infiltration capacity may be exceeded
and surface runoff will occur.

Because of the generally high water tables and high permeability
rates found on the Eastern Shore, even moderate storms are likely to raise
the water table to the level of the ground surface in some areas. Usually
the low areas in agricultural fields are likely to be covered with standing
water after rainstorms. This 1s sometimes due to surface runoff, but it
can also be caused by a rise in the water table.

Standing water on the surface and saturation of the root zone of the
so0il can be harmful to agricultural crops. The usual approach to solving
these problems is to excavate artificial drainage channels that will remove
the excess water quickly. While this method will generally solve the problem
of increased volumes of water caused by conversion of forests to agricultural
land, these artificial drainage canals can adversely affect water quality.
Therefore, these drainage channels should be designed with the objectives of

solving both the quality and quantity problems.
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The most important aspect of water quality in agricultural areas is
sed;ment. Other pollutants, such as herbicides, pesticides, and fertilizers,
tend to be absorbed onto sediment particles; therefore, if the flow of sediment
through the drainage system is controlled, the movement of these other
pollutants can also be controlled to some extent.

There are two potential sources of sediment in these drainage channels.
First, erosion may result from the impact of rainfall and the resulting over-
land flow; thus, sediment may be washed into the channel. Secondly, sediment
may be entrained in the channel flow if the flow velocity becomes high enough
to scour the bed and sides of the channel. Both of these potential sources
of sediment can be controlled if proper design procedures are used in planning
the artificial drainage network. Also, provisions can be made for removing
sediment before it enters the channel.

The majority of the damage caused by sediment occurs when the sediment-
laden water flows out of the artificial drainage channel into tidal waters.
Because the velocity of the flow drops as the water leaves the channel and
enters the wetlands, the sediment tends to be deposited at the entrance of
the wetland that is adjacent to the end of the drainage channel. This excess
sediment can bury many types of organisms and the increased turbidity can
interfere with photosynthesis by submerged aquatic vegetation. Overall, the
effect is a reduction in the biological activity in the wetlands, which can
lead to lower productivity of fish and other food organisms. Therefore, it is
imperative to prevent the sediment from being carried into the wetland areas

or tidal waters into which the agricultural drainage channels usually drain.
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Perhaps the easiest way to prevent sediment from entering the drainage
channels in surface runoff is to use vegetative buffer strips along éhe sides
of the channels. Design methods for these buffer strips are available (See
Appendix J); the strips should be designed for high trap efficiency in serve storms,

because the detrimental effects of overland flow are not likely to be significant

during small storms because of the high infiltration capacity of the soils.
Alternatives to vegetative buffers Qould be straw bales and/or filter cloth
barriers; either of these methods could be used until a buffer strip could be
developed. The other alternative would be to leave the forest cover standing
along the sides of the drainage channels.

The second potential source of sediment is erosion of the bed and sides of
the drainage channel. This will only occur if the velocity of the stream flow
.exceeds the critical velocity, which is a function of the material lining the
channel. Channels can be designed so that scour velocities are only exceeded
in extreme storms, and it is usually possible to determine the critical scour
velocity from tables published in engineering handbooks. It should be noted
that if sediment is allowed to enter the channels from surface runoff, it is
likely to be déposited on the beds of the channels somewhere downstream.
Therefore, it might be best to assume the critical scour velocity to be the
velocity required to entrain t£is loose sediment, rather than the velocity

reguired to erode the channel itself.

ative to limiting the velocity of flow in the channels, the

As an altern
critical scour velocity of the bed can be raised by lining the channels at

critical points with gabion mattresses, filter cloth, or large particles. It

must be noted, though, that this will not prevent sediment that enters with overland

flow from being carried downstream. Also, these methods of armoring the beds

and sides of channels are likely to be expensive.
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The final method of preventing sediment from damaging the tidal discharge
areas is to design the channel so that there is a sedimentation basin at some
point upstream from the tidal outlet. This basin can merely be an area where
the channel is considerably wider and deeper, although if the water table is
near the ground surface, deepening the channel may not help. The idea is to
reduce the velocity of the water so that much of the sediment will settle out.
Because a major part of the problem is likely to be caused by suspended
sediment, settling may take a considerable amount of time. Also, a sediment
trap of this type will require considerable maintenance in order to prevent
large storms from reentraining the sediment that has previously settled out.

HYDROLOGIC EFFECTS OF THE CONVERSION OF
FORESTED LAND TO AGRICULTURAL USES

Given the value of land that is placed into agricultural use, there are
economic incentives for converting forested lands to agricultural uses. Such
land use conversion, however, has significant hydrologic impacts. Forested
land has a very low runoff potential because of the significant amounts of
storage. The canopy intercepts significant amounts of rainfall; this amount
is especially significant for the more frequent events. The soil below the
canopy usually has a relatively high infiltration capacity; thus, the direct
runoff volumes and rates are relatively low, and the degree of groundwater
recharge is relatively high. While the infiltration and interception potential
of a forested area varies with soil type and the condition of the forest
canopy, forest lands have a lower runoff potential (i.e., lower SCS runoff

curve numbers) than most other land covers.
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The conversion of forested land to agricultural use causes very significant
changes in the runoff potential of a land parcel. Agricultural lands have
significantly less canopy interception; just prior to planting,a canopy may
not exis?. The loss of interception storage and the removal of camopy litter
reduces the potential for water storage; thus, the runoff potential increases
significantly. The SCS runoff curve numbers for agricultural land uses are
much higher than those of forested lands.

To examine the hydrologic impact of land use conversion, the SCS Chart
method was used. The peak discharges for various torested conditions were
computed; specifically, forested land in good, fair, and poor condition with
types A, B, and C soils were used as the base conditions. Agricultural use
was represented by two states: (1) row crops/straight row/poor hydrologic
condition and (2) small grain/contoured/good hydrologic condition; these
two land covers were selected becasue they represent relatively high and
relatively low runoff potentials, respectively. The peak discharges were
computed for each condition and for soil types A, B, and C. The results are
shown graphically in Figures 1-4 for soil types B and C. These four figures
indicate that land cover conversion from forested land to agricultural uses
have a very significant effect on the peak discharge. An increase in peak
discharge of 100 percent in not uncommon, even for cases where only one-third
of the drainage area is converted, For cases where the entire watershed is
converted, the change in peak discharge may be as high as 600 percent. The
changes for type A soils are not shown because the increases were as much as
5,000 peréent, with changes of 1,000 percent not uncommon for type A soils.
These extreme changes for type A soils result because of the very low runoff

volumes for forested areas on type A soils.
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The results of this simple analysis suggests that state and local
governments should give serious consideration to the hydrologic impacts of
land cover conversions. While stormwater management may be effective for
controlling the impact of some land cover conversions, there is reason to be

concerned about the conversion of forested land in areas where type A and B

soils are predominant.
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RESPONSES TO PARTTICULAR TSSUES
THAT WERE TO BLE ADDRESSED AS PART OF THIS STUDY

Study Product 1: Identification of conditions under which stormwater runoff

has a significant effect in coastal areas including a determination of what
constitutes a significant effect.

What constitutes a significant effect is a legal question, rather than a
hydrologic consideration. From a hydrologic standpoint, any change must be
considered as’ significant; however, at any given site, a large change may not
create hydrologic/hydraulic problems. But as a general policy, I believe that
conditions in the drainageways, streams, rivers, etc. should not be changed
above that which occurs naturally. This is especially important because neither
theoretical or empirical studies have adequately addressed the effects of changes.
The theoretical bases for the physical systems are not that well understood and
empirical studies have been too limited and inconclusive. While a ''mo in-stream
change' policy may appear too restrictive, it is not. Stormwater management
control methods have shown to be effective and are continuing to improve; for
example, the Soil Conservatijion Service has recently developed a two-step riser
design method. This method would enable stormwater detention basins to be easily
designed to control more than just a single point on the frequency curve. The
integrated stormwater management design method proposed as part of this study
offers the means for using various stormwater management methods as part of a
development plan; the use of alternative methods can reduce the need for detention
storage requirements. The modification of design methods such as TR-20 for
coastal areas should increase the accuracy of designs.

Those involved in establishing development and stormwater management

policies for coastal areas must give consideration not just to what constitutes
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a significant effect, but the criterion variables that effects should be
measured on. Flood flow peak dischérge is the most commonly used criterion
variable} For example, a policy may specify that the peak discharge for a
selected excedence probability should not be increased above that which
existed prior to the land cover conversion. The use of a single criterion
variable may be inadequate. The duration of peak flows is another important
criterion variable. The effect of land cover changes on the flow-duration
curve of a watershed should be considered in design and addressed in
stormwater management policies. While there is concern over sediment
loadings, as well as other water quality parameters, it is more difficult
to address these parameters because there is little basis for making
accurate evaluations of the effect of land cover changes on these parameters.
While methods exist for making estimates, it is generally recognized that
there is little basis for assessing the accuracy of the estimates in waterways
for which extensive testing results are not available. The problem is compounded
because there is little data available to indicate exactly what constitutes
the '"matural" water quality state of all waterways. Thus, measuring changes

is difficult and unreliable.

A criterion variable is a quantity that varies from site to site and is used
as a criterion for comparison; in the discussion, criterion variables are

quantities that are used to judge the effectiveness of stormwater management
policies and design methods.
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Study Product 2: Analysis of the conditions under which stormwater management

methods, both structural and nonstructural, are likely to be effective in
coastal areas.

The fact that a watershed lies in a coastal area is not sufficient reason
to assume that the effectiveness of a stormwater management method will be
different from that for a noncoastal area. The same hydrologic and hydraulic
principles apply; however, the relative importance of the input variables
may differ somewhat. The effectiveness of stormwater management depends more
on the comprehensiveness of the policy and the adequacy of the design method.

This is not to imply that site conditions are unimportant. The slope,
_soil type, and depth to the water table will influence the relative effective-
ness of stormwater management alternatives. If such site variables are not
given adequate consideration, then a particular design may not be effective;
this is the result of poor design rather than the fault of the stormwater
management method. For.example, stormwater management methods that rely on
ihfiitratiofi, sdch ds an infiltrition bed, will not be effective if a site
is characterized by a high water table. This is not a fault of the method
but the incompatibility of the method for the site conditions.

A major problem in the application of stormwater management in
coastal areas is the failure to properly account for the natural storage
in the watershed. Coastal areas with low slopes and sandy soils have the
potential for large volumes of natural storage, including noncontributing
areas. Failure to account for this storage will lead to overestimation of
the required volume of storage through stormwater management. Stormwater
management design methods are based on the computation of the volume of
runoff and the peak discharge. The time of concentration is an important
parameter in estimating the peak discharge, and, thus, the volume of storm-

water detention required. If proper care is taken in computing the time of



19

concentration and routing of flows through a watershed, the computed

peak discharge and detention volume will be more realistic. Both the peak
discharge and the volume of detention may be over-estimated if the time
of concentration is underestimated because the natural storage in the

watershed is not properly accounted for.
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Study Product 3: Analysis of the modifications needed to make TR-20 and TR-55

applicable in coastal areas.

On the basis of their conceptual framework, there is no reason not to use
TR-20 and TR-55 in coastal areas. However, because of the characteristics of
coastal watersheds several factors should be given special consideration.
First, the problem of natural storage discussed above should be accounted for.
Specifically, the time of concentration for overland flow paths should account
for depressions. Travel times in channels should reflect channel storage,
especially through man-made constrictions.

Second, empirical eVidence, as well as conceptual rationality, indicates
that the unit hydrograph in coastal areas has different distributional
characteristics than unit hydrographs for non-coastal areas. The TR-20
program uses a peak rate factor to control the distributional characteristics
of the unit hydrographs. While a value of 484 is recommended for noncoastal
areas, the analysis of actual runoff hydrographs indicates a significantly
lower value should be used in coastal areas. While SCS recommends a value
of 284, this value is based on analyses using the HEC-1 program rather than
TR-20. Analyses using TR-20 suggest a value nearer to 350 is more appropriate
for the coastal areas of Maryland. A modified version of the TR-55 tabular

method is available for the peak rate factor of 284.
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Study Products 4 and 6: Analysis of the relative importance of variables

that affect both stormwater runoff characteristics and the efficiency of
stormwater management methods, including a sensitivity analysis of runoff
and design characteristics to potential factors.

The dominant factors in predicting the magnitude and frequency of floods
are the drainage area, the slope, the land cover and condition, precipitation
characteristics, and soil type. Land cover and condition, and the soil type can
be represented by the runoff curve number (CN). The time of concentration (tc) can be
computed from the slope, the watershed length (which can be computed from the
watershed area), and the land cover and condition. The results in Appendix M
indicate the importance of error in estimating either tc or CN on both the
runoff volume and the peak discharge.

The relative importance and sensitivity of design factors of stormwater
management methods will depend on the policy used. A policy that requires
control of frequent events (e.g., the 2Z-year event) will result in SWM methods
that are relatively more sensitive to the characteristics of the inflow
hydrograph than the design characteristics of the SWM method. For SWM methods
that are designed to control the larger events, the design characteristics
are less sensitive to the characteristics of the inflow hydrograph.

For a stormwater detention basin the magnitude of the outflow will be
especially sensitive to the characteristics of the outlet, specifically,
the diameter and height of the riser. The timing characteristics of the
outflow will be more sensitive to the volume of storage and the distribution
of inflow. Detention basins with two stage risers will not show the extreme
sensitivity of design characteristics that characterizes basins with one stage
risers. The use of the two stage riser will result in outflow hydrographs

that more closely approximate the hydrographs of runoff prior to development.
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Study Product 5: A determination as to whether stormwater management in

coastal areas should address the 100-year event, the 10-year event, the
2-year event, or a combinatiom.

Past research has shown that a SWM policy that specifies only a single
storm frequency as the probabilistic basis of design will not control
flood magnitudes for other storm frequencies. Therefore, design policies
should specify two or more storm frequencies that should be controlled. I
would.suggest the 2-year and 100-year events. The coastal areas of Maryland
are characterized by flood frequency curveswith large positive skew.

Thus, if the 100-year event is not controlled, stormﬁater management will
be very ineffective during the larger events. Control of the smaller
events is very important with respect to limiting channel degradation.
For unstable channels, which may result from modification for drainage
of agricultural lands, it is important to control the smaller events.
Thus, a "two frequency'" policy is highly recommended.

It is not unreasonable to require the control of floods of two
frequencies, The Soil Conservation Service has just recently completed a
publication that outlines the design of two-stage control structures.

The method is easy to apply and should not increase the cost or complexity

of design. It will, however, improve the effectiveness of stormwater

management.



Study Product 7: In conditions under which stormwater management methods

are not practical, development of a methodology for determining the level of
development that can occur without having an adverse hydrologic impact.

It is difficult to define what is meant by '"adverse". The problém is
compounded because many criteria can be used to assess the hydrologic impact.
For exémple, peak discharge, volume of runoff, sediment production, bed
load transport, or groundwater recharge rates. Even when considering peak
discharge, one must be concerned with changes in velocities and the duration
of the discharge. Recognizing that it is difficult to define what is meant
by ""adverse hydrologic impact', I would follow the policy that if stormwater
management methods are not practical, then development should not be permitted.

The actual hydrologic impact of any proposed development could be assessed

using a hydrologic model such as TR-20. However, if development is permitted

where SWM is not parctical, then a precedent is set.
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Study Product 8: Development of a methodology for assessing the interaction

between agricultural drainage practices and stormwater management measures,
and identification of the conditions under which such an interaction is
likely to have an adverse environmental impact.

If the stormwater management measures are properly designed and located,
they should not interact improperly with agricultural drainage practices.
However, improper maintenance may result in ineffective stormwater management.
Thus, the section of SWM policies concerned with maintenance must specifically
state the maintenance requirements and provide for inspection and enforcement.
Without such force SWM measures may be ineffective in controlling runoff °
from agricultural areas. Certainly, SWM methods will not function as intended
by the designer if they are not properly maintained.

The interaction between agricultural drainage practices and SWM may

be assessed using hydraulic and hydrologic methods commonly used. Where

sedimentation and erosion are important elements, there is not widely accepted;
procedure this is especially true for evaluating watershed erosion and sedimenta-

tion on a storm event basis.



25

Study Product 9: Development of a methodology for determining whether

there is aneed for stormwater management when a forested area is cleared
and changed to cropland or when cropland is increased through agricultural
drainége and identification of the conditions under which such changes

are likely to have a significant effect on stormwater runoff.

Again, the determination what constitutes significant effect is not
possible without the specification of the criteria to be used for such an
assessment. However, the SCS hydrologic methods, TR-20 and TR-55, can be
used to assess the hydrologic impact of changes in land cover, such as a
change from forested land use to agricultural uses. The effect of changes
in the agricultural drainage can be evaluated using the TR-20 model to
estimate the surface runoff hydrographs and the Corps of Engineers HEC-2
model to evaluate the water surface profiles in the channels. The TR-20
RESVOR subroutine can be used to evaluate the effect of a stormwater

detention basin.

As noted in the discussion on pages 13-15 there is reason to he concerned
about the impacts that are likely to occur from the conversion of forested

land in areas where type A and B soils are predominant.
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Study Product 10: Development of a methodology for assessing the impact of

stormwater management on water quality loadings in coastal areas and analysis
of whether it is more effective in coastal areas to modify land use practices
or install runoff controls to address water quality problems associated with
stormwater runoff.

In recent years, stormwater management has evolved into a discipline
that considers not only the dissipation, retention and/or elimination of peak
wet weather runoffs, but also the impact that these runoffs have on the quality
of receiving bodies of water. The growing awareness of the magnitude of the
impact that nonpoint source pollutants can have has led to an enormous activity
in trying to better understand what happens when precipitation falls upon the
earth. Sediment transport caused by rainfall induced erosion has been of con-
cern to those involved in stormwater management for years. Sediment flow into
receiving bodies of water has for years been recognized as the largest pollutaﬁt
in terms of quantity per year that is discharged into these bodies of water.
However, it has only been in the last ten or so years that people have been
concerned about what these soil particles actually consistea of in terms of
specific pollutants.

Sediment flow into bodies of water was initially of concern for two reasons:
the sediment could settle to the bottom thereby accumulating and filling in the
body of water; and, the sediment could become dispersed in the body of water
and inhibit the passage of sunlight thereby inhibiting photasynthetic ac-
tivity of aquatic plants. As knowledge about sediment-pollutant interaction
increased, concern was also expressed for the effects that the sediment assoc-
iated pollutants had on water quality. Sediments were no longer considered
as inert solids with only their physical size and shape of concern. It was

recognized that many pollutants could be associated with sediments. These



include various organic substances which can lead to a depletion of
dissolved oxygen in bodies of water when these organics are oxidized by
microorganisms; plant nutrients such as nitrogen and phosphorus compounds;
various heavy metals; coliform bacteria; and, a number of pesticides, herbi-
cides, and fungicides.

Nonpoint Source Modeling. Historically, the study of nonpoint source pollu-

tants has been conducted using extensive sampling programs. However, because
of the varying nature of nonpoint sources, the cost required to accurately
determine annual nonpoint source pollutant loadings has been typically beyond
the resources available to most planning agencies. Where data were available,
people often developed various pollutant loading factors which could hopefully
be related to some particular land use for various hydrologic events (e.g.,
kilograms of phosphorus per hectare of farm land). However, it was soon
realized that not only was it sometimes difficult to properly assess land use,
often differences in soil type, differences in application of chemicals to
agricultural land, and qther differences precluded this method giving reliable
values of nonpoint source pollutants for areas other than that for which the
loading factor was developed.

A great deal of work has recently been undertaken to combine water
quality aspects of surface runoff with various storm runoff predictive models.
A number of predictive models have been developed and reported in the literature.
They range from complex computer-based models of rainfall/washoff to simple
statistical relationships between runoff and areal pollutant yield rates.
These mathematical models have been used to assess nonpoint source pollution
and evaluate various Best Management Practices. Some of the most widely used
models include:

1) the Pesticide Runoff Transport (PRT) model to estimate runoff,

erosion, and pesticide losses from field areas (1).
2) the Agricultural Runoff Model (ARM) to estimate runoff, erosion,

and pesticide and plant nutrient losses from field areas (2).
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3) the Agricultural Chemical Transport Model (ACTMO).to estimiate losses
from field or basin sizc areas (3). |

'4) the ANSWERS models to estimate runoff and erosion and sedimentation
from basin sized areas (4).

5) CREAMS, a model for estimating chemicals, runoff, and erosion from
field-size agricultural lands (5).

6) the Hydrologic Simulation Program - Fortran (HPSF) model used to
simulate watershed hydrology and water quality; this model uses various
pollutant runoff models such as the ARM model and the Nonpoint Source
(NPS) model (6) as inputs.

7) SPNN, designed to predict the export of sediment, phosphorus, and
nitrogen from agricultural basins during individual storm events (7).

8) CMRA, a chemical migration and risk assessment mddel for pgsticides (8).

9) several statistical correlation studies; an example of which is one
by Zison (9) in which sediment-pollutant relationships in runoff from
selected agricultural, suburban, and urban watersheds are developed.

These models and studies are all a step forward in the quest to truly
understand nonpoint source pollution. However, their application in even a
planning function is often rather limited. All of the models except CREAMS
require data for both calibration and verifieation. CREAMS requires various
parameter and coefficient estimations.

The basic problem with the models is that they are attempts to describe
phenomena that afe not well understood. Pollutants are transported by storm
runoff in two ways: as a soluble fraction in the runoff; or, as something
attached in some way to a soil particle. Various control practices can be

applied to various land uses (e.g., Best Management Practices) to reduce
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both the chemicals applied to land and the potential for stormwater runoff

and erosion. However, there will usually still be some quantity of surface
runoff to either retain or perform some treatment operation if the adverse
effects of nonpoint source pollution are to be eliminated or diminished. Even
being able to predict how much nonpoint source pollution exists by the use

of various models will not alWays solve the problem of what to do about it.

Sediment Capture. One apparently rational nonpoint source pollution control

method might be to capture the sediment in surface runoff. By thus preventing
this sediment from reaching various bodies of water, nonpoint source pollution
would be reduced. A stormwater management strategy that required for the re-
moval or detention of stormwater induced sediment would be a step in the right
direction. However, although it is apparent that sediment capture would reduce
nonpoint source pollution due to various sediment-pollutant interactions, the
complexities of these interactions make it difficult to quantify the reduction

of nonpoint sourse pollution due to sediment capture.

Sediment - Pollutant Interaction. The process of pollutant-soil interaction is

AN

quite complex. Soils can retain, modify, decompose, or absorb pollutants. Every
year enormous quantities of organic materials, atmospheric pollution, and other
liquid and solid wastes are deposted and incorporated into soils and safely
decomposed into their basic constituents: carbon dioxide, nitrogen, phosbhorus,
and other residues of biological decomposition. Because of a high concentration
of soil bacteria, the decomposition processes are quite intensive and effective,
and represent one of the best natural recycling processes. The processes which
participate in the soil decomposition and removal of pollutants include adsorption,
filtration, ion exchange, biochemical action of soil microorganisms, particle

charge interaction, pH effect, and precipitation. On account of the adsorption
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and retention processes of the soil, almost all of the phosphorus, heavy
metals, many pesticides, and organic chemicals remain near the point of
application and move only with eroded soil. The exception is in sandy or
peat soils that have little tendency to adsorb pollutants. The residuai
pollution that passes the soil layers plus that elutriated from the soils
enters the groundwater aquifer.

Most sediments fall into one of two broad categories according to

origin:

1) organic matter: usually the products of varying degrees of
decomposition of animal and plant material ranging in size from
colloidal humus (0. 6X166m diameter) to very large pieces of
material.

2} Mineral particles: sediments ranging in size from clay particles
of colloidal or near colloidal size, through silts and sands to

large bolders.

Colloidal mineral or organic materials are extremely active from an

adsorption standpoint, but larger particles are practically inert. How-

ever, this is sometimes the result when, for example, sand particles become

coated with very active fine organic matter.

These colloids are a concern from a water quality viewpoint; the colloids
may then be divided into two groups: clay and organic. Clay particles are
usually colloidal or near colloidal in size (0.2X166to‘4.0 Xl(_J6 m) and are
made up of laminated plates or rods of alumina and silica. Because of their
construction, the specific area of particles (ratio of intermal and external
surface area to mass) is huge. Their structure is such that each surface

will attract and adsorb cations present in dry surrounding water.
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The structure of organic colloids is more complex and more variable
than clays. The nuclei consist of various compounds composed of mostly
carbon and hydrogen, which can be oxidized to inorganic material. So,
unlike clays, they are not conservative substances. However, they are
similar to clays in that the nuclei have a strong negative charge and
attract and adsorb cations. In fact, the cation exchange capacity of
organic colloids far exceeds that of even the most active clays. Hence,
organic colloids will be more active carriers of pollutants.

Adsorbed chemicals are, therefore, usually associated with clay and
organic fractions of sediment. Many studies have shown that phosphorus,

most heavy metals, ammonia, and some pesticides will undergo interaction

with the soil particles and become somewhat immobilized, 'remaining near the

layer of application. Rainfall enduced erosion can, therefore, transport
these pollutants away with surface runoff. Nitrate nitrogen is much more
mobile and, if excess is present, will either be carried off in soluble

form in surface runoff or penetrate downward and possibly contaminate the

groundwater. The same phenomena is observed with some pesticides.

Pollutant Capture by Sediment Capture. Although it is known that many

pollutants are attached to sediments, it is difficult to generalize concern-
ing the removal percentage of various pollutanté even if the removal percentage
of sediment is known. Information about the specific soil type would have

to be correlated with information concerning the application amount of the
various chemicals, the time from chemical application until rainfall event,

the time between rainfall periods, various control practices, and other factors
to predict pellutant association with sediment without conducting extensive

sampling.
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However, a stormwater management strategy that contained provisions for

sediment capture would result in reducing the nonpoint source pollutant loading to

receiving bodies of water. For most effective removal of sediment related
pollutants, attempts should be made to capture as many of the colloidal
size particles as possible. While this might be somewhat difficult to
accomplish in conventional sedimentation basins, the use of aquatic vege-
tation in sedimentation basins could markedly increase the removal of these

colloided particles.

Recommended Policy. At the present time (1982), The state-of-the-art is

not sufficient to describe the general effects of stormwater management on
water quality. At a specific site, an extensive data collection program can
provide the basis for reliable statements about stormwater management and
water quality. But there is no evidence to indicate that ihe results are
transferable to adjacant watersheds. While this may cause a legitimate
concern by regulatory agencies, it does not mean that attempts should not

be made to control the water quality effects of land cover changes.

The water quality models mentioned above can at least be used to
measure relative effects of land cover changes. That is, a model could be
used to predict the water quality state for the land cover conditions both
before and after development. While the individual estimates may not be
highly accurate, there is little reason to believe that the relative effect
is not accurate. The differenc¢ in the water quality states for the two land
cover conditions could then be used to assess the expected impact of the land

cover conversion. If the change in the water quality state is considered
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significant, then a stormwater quality management plan could be required.

For purposes of the evaluation of land cover changes on the Eastern
Shore, I would recommend the use of the CREAMS model. This model, which
was developed by The Ag;icultural Research Service, does not require
calibration. It is based on existing empirical evidence and the experi-
ences of the Department of Agricultural. It is constantly being modified
to incorporate new data and experiences into the model framework. Futhermore,
the hydrologic component is based on the SCS Methods, which are required
for many project types in Maryland. These advantages are significant and

make it the most practical choice.
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DETENTION/RETENTION FOR THE CONTROL OF THE QUANTITY AND
QUALITY OF STORMWATER RUNOFF: STATE-OF-THE-ART
Richard H. Mcfuenl, Stuarc G, Waleshz, and Walter J. Rawls3
INTRODUCTIOﬁ
During the 1960's professicnal journals contained numerous technical
papers coacerning the hydrologic effects of urbanization. Many of these
papers showed the increase in peak discharges and volumes, as well as the
effect on unit hydrograph characteristics, that resulted as both the percent
imparvisusness and the degree éf channelization and flood plain enréachment
increased, Reéognizing that urbanization had detrimental flooding impacts
btydiclogists in the 1970's‘turned their attention towards raducing the amount
of in--ease and managing the increased stormwater runoff. As part of the
environmental movement of the late 1960's and early 1970's the effect of the
urbanization procass on water quality received much attention in the
professional literature. Thus, the professional literature of the 1970's has
contained numerous articles concerning the planning, management, and design of
stormwater control methods, with articles on the monagement of both stormwater
quantity and quality. During the 1970's some state and local governmeats
daveloped policies aimed at providing order to the elements involved in the
control of stormwater runcff. The stormwater man:zement process, wﬁich
includes legisiation, policy, planning, design, and management, will continue

to evolve during the 1980's.
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Recognizing that urbanization has an impact on water quantity and quality
characteristics it may be of interest to examine, at least superficially. the
urbanization process and the intent of stormwater management practices.
Watershed development is a process that involves a change in land use that
often involves removing natural vegetation, removing or covering topseil,
grading of the surface, and covering part of the watershed with impervious
material. The loss of natural vegetation represents a loss of interception
storage that exists with natural vegetation. Grading reduces both
infiltration and depra2ssion storage. Similarly, the depression storage om
impervious surfaces 1s less than for pervious land uses, and covering a
watershed with impervious materials wili vaiously eliminate infiltratic: in
these areas. The losses of natural storage, i.e., interception, subsurface,
and depression, results in the increases in peak discharge rates and runoff
volumes that are apparent in urbanized watersheds. The transition from a
natural to an urbanized state is an egpecially troublesome period. The
transition period is often characterized by runoff that is especially high in
pollution loadings. Even after the land has been stabilized, urban areas are
known to have higher pollutant loadings than most matural land uses; this
results from the activities that are characteristic of urban watersheds.
Another problem that surfaces as urbanizatisn increases is the change in time
characteristics of runoff; this change is partly responsible for increased
flooding problems.

To mitigate these detrimental effects that occur as a watershed
experiences development, a number of different stormwater control alternatives
have been proposed and adopted by state and local governments. While these

measures may differ in content, the underlying inteat should be to offset the
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effects of urbanization on the hydrologic cycle. Specifically, the stormwater
managemen®t weasures should be designed to minimize hydrologic effects, to
renlace the natural storage thst is lost due to development, and to neutralize
the ¢.iects of changes in time characteristics. For most parcels of land
sturwwater managewe:.t methods, *f properly designed and managed, should be
able to  liminate the detrimental effects of urbanization.

Burinpg the past decade, deten.ion/retention (D/R) facilities have gained
increased popularity as major elements in urban stormwater conttol systems.
The original mctivation for this evolving use of storagc-oriented facilities
seems to have been cost savings that are sometimes achieved relative to the
traditional conveyance-oriented systems. An apparent second motivation for
the growing use of D/R facilities has been their aesthetic, recreational, and
other valuss.

Because of growing concern with control of non-point source pollution in
unsewered or separately sewered areas, a potential third reason for
considering utilization of D/R facilities has arisen: enhancement of the
quality of urban stormwater runoff. However, relatively little performance,
planning, design, and operation and maintenance experience 1s available and
that wvhich is available alory with the research and development studies that

are under way or have been completed, is scattered about varying institutions

and literature.
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REPORT OBJECTIVES

Because of the diversity of the journals in which technical papers have
been published and the variation in techmical backgrounds of those interested
in the stormwater manaéement process, it should be of interest to all involved
in stormwater management, including hydrologists, engineers, and planners as
well as legislators: and managers, to have a literature summary and a
state-of-the-art analvsis available. Such a summary should provide a
convenient source for ideﬁtifying a sampling of the literature that is
pertinent to the specific a2spect of stormwater management that is of interest
to the ip ividual. 1In addition to a state-of-the-art analysis, this report
provides absfracts of scme articles that are concerned with stormwater
management and have appeared in professional publications. Table 1 identifics

papers according to selected key words; the references are abstracted in
: 5. . S e
Attachment B. Also, a list of other references on stormwater management,

which were not abstracted, are included in Attachment A as another source of
information. While it is not always possible to separate the quantity and
quality aspects of stormwater management, this report provides a separate
state~of-~the-art analysis of the literature for the runcff quantity and
quality aspects. Part I is devoted to a summary of quantity aspects and Part

11 provides a detailed analysis of the quality aspacis.
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29, lakatos and Wiswell X X X X X
30. Lockwood X X X X
31. Looper ' X X X X X X X X
32. Manz X X X X X X X
33. Mariles, Bribiesca, and Mora X X X X X X
34, Mattraw X X X X X X
35. McCuen (1980) X X X X X X X
. McCu2n (1979a) X X X X X X X
37. McCuen (1979b) X X X X X
38. Moodie, Scholes, and Thompson - X X X X X X
39. Myers and Ho X X X X X
+0. VNawrccki and Pietrzak X X X X
+1. Novitski (1978) X X X X X
+2.  Novitski (1977) X X X X X
+3. Patrick X X X X X X
+4. Pennell X X X
+5. Peterson, Bubenzer, and Madison X X X X X X
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46. DPitt X X X X X X X
47. Ports X X X X
48, Puit and Johnson X X x X
49. Reuter and Fox X X X X
50. Schluchter and Teubner X X X X
51. S8imons, Li, and Ward X X X X X X
52. Slyfield X X X X
- 53. Smolenyak X X X X X X X X X
54. Ward, Haan, and Barfield X X X X X
55. Weber and Wilison X X X X
56. Widseth X X X X X X
57. Willison, et al. X X X X X
58. Wcodward, Welle, and Moody X X X X X X
59. Wu and Ahlert X X X X X X X
60. Wycoff X X X X X X
61. Wycoff and Singh X X X X X
62. Wycoff, Scholl, and Kissoon X X X X X
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TERMINOLOGY

' is a term that has evolved because it is

The term 'stormwater management

recognized that development most often increases the potential for damage from

storm runcif, but d
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y mitigate the effects of runoff. A number
of management Lechniques have been used to mitigate the hydrologic effects of
‘-hres-ai deve’apment, with both structural and non-structural methods
currs-Lly being used. ostructural rechniques are construction related while
non-structural include legal and administrative procedures. A structure that
creates a reservoir is the most popular method of controlling runoff. A
number of terms have been applied to these structures, including on-site
ponds, detention basins, retention storage, and stormwater management basins.
The term '"Jdetention" implies = relatively short time period for detaining

stormwater runoff while the term '

'retention" implies a relatively longer time
period; however, it is not always clear how these two differ. "On-site
ponding" refers to storage methods that control runoff on the site where the
runoff is generated; it is a term that can be applied to both detention and
retention storage. The term "stormwater management basin," which is the most
general, can refer to both surface or subsurface storage. It is frequently
used, as it is quite frequently in this report, because it avoids the
ambiguities of the other terms and much of the literature that uses the other
terms is applicable to all types of structural storage, including rooftop and
parking lot storage.

The terms "settliar efficiency" and "trap efficiency” and similar terms
also have varied and inconsistent meanings and interpretatioans in
erosion~sedimentation literature. Malcolm and New (1975) draw a useful

distinction between these terms. Settling efficiency is "the fraction of

particles of a certain size that will be trapped in the basin under design
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conditions at peak outflow." Trap efficiency is '"the fraction of material
removed from all runoff passing through the reservoir during its life." The
definition of trap efficiency is Lroadened for use herein by basing it on all
runoff passing through the reservoir during a period of time. Trap efficiency
is expected to significantly exceed settling efficiency for the design
conditinns beciuse most runoff events will be less severe than the design

event.
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PART 1: WATER QUANTITY

Because of regional variation in hydrologic problems a wide variety of
legislation and policy have evolved during the 1970's, the decade of the
infancy of small-scale stormwater management., These laws and policies
produced a wide variety of design methods. The lack of consistency in the
application of design methods has led many, especially the non-engineer, to
ques:ion the value of stormwater management on small watersheds; this doubt
was further intensified by some ambiguous research results, with some research
suggesting that stormwater management may actually create problems (McCucn,
1979; Maicolm, 1980). Thus, the area of design methods is a topic of special
interest, especially as it relates to the comparison of the different design
methods that are available.

In spite of the few questions concerning the value of stormwatier
managenent, its use has increased exponentially because, in part, studies have
almost without exception suggested that there are many economic benefits of
stormwater management. Case studies have shown that downstream flood damage
may be reduced. Added benefits result because lower peak discharges mean
smaller conveyance systems are required. Benefits that are not easily
translated into economic terms include positive environmental impacts. In
many instauces, the economic factors are influential in decisions concerning
s*ormwater managemen: legislation. For this reason it may be useful to
examine the literature that specifically addresses the subject of economic
impacts of stormwater management.

In recent ycars developmental pressures have been very great in coastal

areas. Thus, there is now 3 special intevest in examining the value of
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stormwater management in coastal areas. IBecause of the low slopes and high
water tables that exist in coastal areas there is considerable concern that
traditional structural methods of control may not be applicable. Thus,
coastal area stormwater management is a topic that will receive considerable
attention in the 1980's, and a review of existing literature is especially
important.

These three important areas of stormwater management, i.e., design
methods, economics, and coastal area analysis, will be examined in more
detail. Table 1 provides a more complete list of other publications on these
three topics, as well as references to other subject areas.

Design for the Control of Flow Rates

Cordero (1972) presented a simplified method for estimating the voiume of
storage and release rate from a detention structure, with both the volume and
release rate being a function of the drainage area. Such methods, while easy
to apply, reflected the state-of-the~art in both stormwater design and policy
at that time. However, as the policies improved, the design methods became
more complex in both the conceptual development and application. Bouthillier
and Peterson (1978) provide a method of computing storagé requirements; it
uses a graphicQI reiationship of the maximum allowable outlet rate/maximum
inflow rate vs the required reservoir volume/total inflow volume.

As suggested previously, the storage in detention and retention basins is
intended to offse: the natural storage that has been lost due to development.
Therefore, the next generation of dosign mzthods involved hydrograph
analysis. Wycoff and Singh (1976) presented a technique that was typical of
the simple hydrograph model; these methods reflect the effect of land use

changes on both ‘the time and flow rate characteristics of
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the hydrograph. This generation of design/planning methods did not require
routing, which for some design problems may be cnnsidered as a limitation.

Baker (1979) presented a method that recognizes that the rate of outflow
is dependent upon the depth of impounded water; thus, it uses a linear routing
equation to route the flow through the detention basin. The solution
procedurs attempts to increase the accuracy of estimates by using an iterative
procedure in that rainfalls of various durations ar» used to determine the
critical rainfall duration that requires the largest storage volume.

In the design of a detention/retention basin the discharge rate is
dependent on the inflow, the outlet structure configuration; and the basin
storage characteristics, all of which are dependent on the discharge rate
itself. Thus, an iterative procedure that allows for this interdependent
relationship should improve the accuracy of estimates of the required volume
of storage and the flow rate. Bondelid and McCuen (1979) presented a method
that is representative of the latest generation of design methods; this method
has the added features of allowing for multi-stage riser designs and being
computerized.

While everyone 1is concerned with the accuracy of prediction, it is
difficult to assess the accuracy of any technique because an adequate data
base for comparison does not exist. Thus, at the present time it is only
possible to compare the various design/planning methods using synthetic data.
Donahue, et al. (1981) provided a comparison of various levels of
design/planning models, with the results indicating a very sigaificant range
of proposed storage volumes and release rates. Thus, in order to provide

consistent estimates it may be prudent to select one method for all designs
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in a region. This policy would result in consistent estimates and eliminate
institutional conflicts that arise from policies that are overly flexible. It
must be recognized, however, that the true design cannot be known and that, if
the method selected is inherently biased in its conceptual development, then
all desigas will produce inaccurate answers. The 1ate$t generation of models
are probably sufficiently accurate that in the trade-off between desizn
aCCuraEy and corsistency in :stimationm, iﬁ would be best to identify in
stormwa:er management policy statements a single procedure to be used for the
design of stormwater management basins.

Stormwater Management in Coastal Areas

As indicated earlier, developmental pressures are currently greater in

]

coast:) areas than most other areas. Because of both environmental and
economic reasons, governmental bodies are especially concerned about the
hydrologic impact of development. Unfortunately, the literature contains very
few publications that provide conclusions that can be transferred to other
areas. Also, most studies concentrate on the problems created by development
but fail to show conclusively that an intensive stormwater management program
will eliminate the problems.

Day and Ho (1978) conducted research to determine the ability of natural
wetlands in south Louisiana to remove nutrients from agricultural runoff.
‘.Grigg, Duda, and Morris (1980) provided an assessment of the magnitude of the
stormwater ;unoff and floodiag problem in Korth Cavvlina coastal zone,
described existing w~ v igement programs, and provided recovamendations for
improving stormwater management programs. In another case study, Patrick

(1976) examined water quality problems in Louisiana's coastal zone that might
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be handled using management techniques. Flooding problems in coastal areas
are compounded by tidal surges; Myers and Ho (1980) examined an approach to
tide frequency assessment, usirgz the Delmarva coast as an example.

Economics of Stormwater Management

Some early studies demonstrated that detention/retention basins could
provide economic benefits, such as a reduzed cost for downstream conveyance
systems {Leach and Kittle, 1966). Guy (1978) indicates that stormwater
management, especially when well coordinated with natural drainage, may result
in lowzr initial costs of storm drainagé systems; however, he points out that
the cost of maintenance may increase. Reuter and Fox (1976) provided a
methodolcry for evéluating the economic costs of nonstructural pollution
sontrol techniques; nonstructural alternative: should increase the
effectiveness of structural pollution controls while reducing the costs of
achieving environmental quality objectives.

Given that a comprehensive methodology for assessing the economic benefits
and costs of a storm drainage system that includes one or more stormwater
management techniques has not been developed, it is difficult to make
generalized statements about costs. Several studies have provided economic
comparisons of stormwater management alternatives; such comparisons may
provide some help in evaluating the economic impact of stormwater managemeat
alternatives. Henry and Ahern (1976) calibrzted formula: for estimating sewer
pisz costs; the results indicated that sewer system costs for subdivisions
wire reduced when storage was incorporated. =Rawls and McCuen (1978) alsc
provided regression >quations for estimating the cost of storm sewer systems;
the equations were calibrated from actual projects throughout the United

States. They also provided a simple relatienship between detention basin cost
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and project drainage area, which was based on 34 stormwater detention projects
in the Wéshington, D.C. area. Bedient and Amandes (1978) compared costs of a
variety of mznagement alternatives to evaluate the relative effectiveness.
Calabrese (1980) developed cost-eff=ctiveness data on various management
practices and used the method for establishing the least cost combination-of
managemcnt p:actices for a case study in Florida.

Brendt, et al. (1972) made a comprehensive cost study on the Seneca Creek
watershed near Washington, D.C. 1In this study costs were compared to
effecciveness for many erosion and sediment control systems. Drainage costs
in streams were also assessad. The results indicated that sediment damages
from uncontrolled erosion on urban construction sites could potentially each
cost $1,500/acre.

Butler and Maher (1978) also examined the economic impacts for downstream
sites. They concluded that the external costs oi upstream development require
that both flooding and water quality aspects of stormwater runoff be managed
basin-wide; site-by-site aﬁtion will probably not provide adequate control at
a reasonable cost.

Grigg, et al. (1976) provided the most comprehensive analysis of the
impacts of urban drainage and flood control projects. The measurement of
tangible benefits is described; however, they concluded that a direct
objective techniqu= for quantifying intangibles was not available. They
provided guidelines for selecting the proper discount rate and for estimating

flood damages.

~Al4—



PART II:. WATER QUALITY
USE OF D/R IN URBAN STORM WATER MANAGEMENT: HISTORIC OVERVIEW
There has been a gradual evolution in the state-of-the-art of storm water
management and also in actual practices in recent years (Poertner, 1974).
That evolution is briefly described here to demonstrate that the time has
arrived to consider the use of D/XR for enhancing the quality of storm water
vunoff in urban and urbanizing areas.

Impact of Urbanization: Water Quantity and Quality

Urbanization usually increases the volume of storm water runoff while
é‘;reasing the runoff time. The net effect of these two processes usually is
a significant increase in péak runoff rates znd stages. Although natural
factors, such as land slope and the underlying soil type, are important in
determining the hydrologic~hydraulic response, land use superimposed on the
soil by man's activities will markedly alter the response.

In addition to increasing the quantity of runoff, often with adverse
consequences, the urbanization process can also increase the variety and
amount of potential pollutants washed from the land surface and eventually
into the receiving waters. This is the result of two factors which tend to
have an additive effect. First, urbanization increases the variety and
availability of potential pollutants. Examples include soil and other
materials that are loosened and exposed as a2 result of demolition aad
construction, the introduction of human litter, careless material storage and
handling, and the use of s:-reet de~icing compounds and sand. Second, and as
ealready dfscussed, urbanization typically inc-eases the volume and rate of
storm water runoff thereby providing a more effective means of transporting
the newly exposed potential pollutants from the land surface into the surface

waters. Additionally, stroan channel erosion was a principal reason that SWM

be;arn and 1is legislated.
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Controlling the Quantity of Runoff

The state-—of-the-art of storm water management has developed to the point
that there are two fundamentally different approgches to controlling the
quantity of storm water runoff. Selected characteristics of these two.
approaches to storm water management are i1llustrated in Figure 1.
Conveyance-Oriented Appfoach

The first of the two approaches i§ the more traditional
“"conveyance-oriented" storm water system. Systems designed in accordance with
this approach provide for the collection of storm water runoff followed by the
immediate and rapid conveyance of tie storm water runoff from the area of
collection to the point of discharge so as to minimize damags =sad disruption.
The principal components of conveyance-oriented storm water systems are
culverts, storm sewers, and channels that are supplemented with storm water
inlets and catch bgsins.

Storage-Oriented Approach

A potentially effective but less common approach to storm water control is
the "storage~oriented" system. The function of this type of system is to
provide for the temporary storage of storm water in or near the site with
subsequent slow release to downstream storm éewers or channels. This approach
minimizes damage and disruption both within and downstream of the site. One
or more D/R facilities are the principal elements in a storage-oriented
sys;L:m. These principal elements are often supplemented with culverts, storm

sewers, inlets, and catch b=3ins.
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Comparison of Features

Principal advantages of the traditional conveyapce-oriented approach to
storm water control are: applicability to both existing and newly developing
areas, rapid removal of storm water from the service area, minimal operation
and maintenance reguirements and costs, and accepted analysis and design
sroc-~iures. Principal advantages of the storage-oriented approach are:
po<sitle cost reductions in newly-developing urban areas, the prevention of
downstream adverse flooding and pollution associated with storm water runoff,

and potential for multi-purpose uses.

Potential Economic Advantage of the Storage-Oriented Approach

The original motivation for use of the neswer storage-oriented approach
over the traditional conveyance-oriented approach apparently was the
realization that the former may offer cost advantages. Poertner (1974) and
Donoliue & Associates, Inc. (1978, 1979) present cost comparison data for
several engineering studies, each of which indicates significant reduction in
storm water control costs when D/R is used in lieu of conQeyance—oriented
systems particularly when the latter utilize storm sewers and concrete-lined
channels.

A ceonplete comparison of conveyance-oriented and storage-oriented system
musi consider other '"costs" and '"benefits" such as the reduction in available
land with the storage-oriented system and increased land values for aress
contiguous to D/R facilities. Therefore, cost analyses must be conducted‘on a
case-by-case basis. Nevertheless, there are already enough documanted cases
of r%» economic advantsare of storage-oriented systexs to suggest that D/R
facilities should always be considered for controlling the quaﬁtity of storm

water runoff.
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Recreatiqniéesthetic Value of D/R Facilities

D/R facilities are being increasingly planned, designed and used as
multi-purpose developments. In addition to their primary storm water control
function they can provide or be part of a site for recreation activities such
as fishing, boaiing, tennis, jogging, ski-touring, field sports, and
sledding. A v211 planned, desisned, and operated D/R facility will also have
aesthetis value for contiguous and nearby residential areas.

Mandatory /% Facilities

Need for Control

In additica to the obvious 2rosion and sedimentation problems often
associated with urbanization, it is becoming increasingly apparent that urban
storm water runoff contributes a significant portion of som2 pollutants to the
surface waters. For example, Colston (1974) compared the quality of urban
runoff to that of secondary municipal sewage treatment effluent on the basis
of weight per unit area per year for Durham, North Carolina. On an annual
basis, the urban runoff contributed 91 percent of the chemical oxygen demand,
89 peccent of the ultimate biochemical oxygen demand, and 99 percent of the
suspended solids. Many Public Law 92-500 "208" studies also concluded that
urban storm water runoff was a major contributor of pollutants to surface
waters. For example, in southeastern Wisconsin, urban storm water runoff
accounts for 54 percent of the suspended solids, 27 percent of the five-day
biochemical oxygen demand, and 32 percent of the total phosphorus carried from

the land surface tn the surface waters (Bauer, 1978),
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It appears as though contro!ling thé quality éf runoff--at least the first
and most significant increment of control--should focus on suspended solids
partly because erosion and sedimentation are probleans in urbanizing areas.
Furthermore, many pollutants such as phosphorus, pestiqides, heavy metals, -
bacteria, aad other pollutants are carried by soil particles (e.g., Betz
Environmental Engin:ers, 1976; Whipple, 1979; and Davis, 1979). Therefore,
successful erosion and sediment control is also likely to lead to significant
coatrnl of phosphorus, pesticides, heavy metals, bacteria, and other
polliutants.

Potential Effectiveness of D/R Faci!ities

Manw measures have been suggested for controlling urban area non-point
scurce pollution in general and erosion-sedimentation in particular. The use
of D/R is one of these measures. The state—-of-the-art of the use of D/R
facilities for control of the quality of urban storm water runoff is the
subject of the reméinder of this paper. Inasmuch as D/R facilities are
finding increased use for controlling the quantity of runoff bécause of the
sometimes cost advantages and recreation/aesthetic values, they should be

-considered for an important third function: water quality control.

Historic Oyerview: Summary

The evolution of the use of D/R facilities in urban storm watsr management
is showa graphically in Figure 2. Beginning with the single use of quantity
control., D/R facilities have evolved so that they now could serve three
compatible functions:

1. Quaqtity control;

2. Recreation, aesthetic, and other supplemental uses; and

3. Quality control.
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CATEGORIZING THE AVATIABLE LITERATURE
Ideas, information, and data reported in the literature were for purposes
of this paper, cited and summarized in these five categories:
1. Water quality performance of D/R facilities based on field studies?
2, Warer quaiity periormance of D/R {icilities based on laboratory
studie .
3. ‘ater quality performaince of D/R facilities based on computer
mode ling studies.
4, Guidelines for planning and designing the water quality features of
D/R facilities.
5. Operation and maintenance aspects of D/R facilities.
Literature findings are summarized in the subsequent sections of this
paper in accordance with the preceding five categories.
WATER QUALITY PERFORMANCE OF D/R FACILITIES BASED ON FIELD STUDIES

SCS Empirical Trap Efficiency Relationship

The SCS (USDA) has developed graphs of percent sediment trapped versus the
ratio of impoundment volume and inflow volume. These trap efficiency curves
are based on a study of sedimentation data for relatively large retention
reservoirs (Brune, 1953 and Geiger 1963, as cited ia Chen, 1975)

For detenticn, as opposed to r:tention facilities, five and ten percent
reductions in trap =fflciency are suggested for incouing suspended sediments
that are, respectively, course and fine textured. These =2ljustments in the
trap efficiency curves are intended to account for the increased likelihood of

flow directly through a detention facility as opposed to a retention facility.
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The trap efficiency curves su:g:est that D/R facilities, like those finding
increased use in urban storm water management, could capture esseatially all
of the sediment that enters it. There are two qualifications on use of the
trap efficiency curves. First, they apply to long-term sedimenf trapping as
opposed to individual runoff events. Second, the curves are based on sediment
trap data for impoundments that are generally larger than the typical D/R
facility and, therefore. may not actually reflect the behavior of the latter.

Sodimentation Basin - Retention Pond in Montyomery County, MD

Daris (1978) reports on a field monitoring study of the hydrologic and
sediment trap performance of the sedimentation basin-cete>ntion pond. DTuring
£%: study, :h2 mildly sloped, 45 acre tributary watershed was being developed

for a complex of government structures. Watershed soils were reported as

"deep, well-drained, and moderately erodible."

o e

~The sedimentation B;Sin-retention pond had an area of 1.3 acres at

the permanent pool level. FEight acre-feet of water and sediment storage
volume--equivalent to 2.1 inches of runoff from the tributary watershed--

were available between the bottom of the basin and the crest of the

non-per forated circular riser of the riser and barrel service spillway. A
four inch diameter port in the vertical riser maintained the normal pool 18
inches below the crest of the riser. This provided up to 2.4 acre—~feet of net
aviilable storage--equivalent to 0.64 inches of runoff from the tributary

area——at the outset of a runoff event.
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Inflow and outflow data for ten storms occurring from Junz through August,
1977 were analyzed. Storm durations ranged from 0.83 to 14.25 hours, rainfall
volumes varied from 0.08 to 2;2 inches and average intensities ranged from
0.04 to 0.94 inches per hour. Construction and development proceeded in the
tributary watershad during the monitoring as indicated by a general ir:rease
ia impervious pavement (from 14 to 39 percent of the tribuiiry area) and
roof:ops (froﬁ 8 to 10 percent) and the decrease ian exposed soil (from 44 to 3
percent).

Settling efficiency for the ten storms ranged irom 88.1 to 99.7 percent.
About 92.6 percent of the tota’ sediment that entered the facility during the
ten storms was trapped. With the exception of the largest storm--a total of
2.2 inches of rain in 3.9 houré——the peak discharge ;t the outlet was about 9
percent of the peak discharge entering the facility. In summary, the sediment
basin-retention pond was very effective both in trapping sediment and in
attenuating peak flows.

The author emphasizes the importance of the amount of storage available
between the normal pool level and the crest of the service spillway. A hood
fitted to the top of the riser on the riser and barrel service épillway was
found to be very effective in preventing floating debris, which is especially
likely to be éresent during constfuction activities, from escaping from the
pond. The author favors non-perforated risers to perforated risers for
sediment control based on observed performance of both. Perforated risers
permit suspended sediment to pass through the facility and, under some
rainfall-runoff situations, recsults in a "negative" trap efficiency, that is,
sediment outflow may exceed sediment inflow, especially during periods of low

flow.
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According to the author, mitigation of erosion and sedimentation problems
in urbanizing = z2e requires a two-pronged approach-—erosion control on
disturbed areas, and sedimentation control in the form of sediment
basin~retention pond facilities,

Multi-burpose Reteuntion Facility in Milwaukee

Cherkauer 11277) monitored the quantity and quality of runoff from two
adjacent spproximately 2.9 squa-c mile urban watersheds in the Milwaukee area
Far = narisd? of two year:. The two watersheds were similar in area, drainage
density, total relief, channel gradient, percentaze of main chzoanel improsed,
and percentage of watershad develnped.

The most significant difference between the two watersheds is that one
contained a 48 acre retention facility normally containing 308 ac~ft. of water
~and having an average depth (quotient of volume and depth) of 6.5 feet. The
retention facility received runoff from the upstream 52 percent of the
watershed and was multi-purpose in that it served storm water control,
recreational, and aesthetic purposes. Water quality parameters monitored were
chloride, sodium, calcium, magnesium, and total dissolved solids, as well as
sedizent.

The retention facility had the expected effect of significantly reducing
peak flows at the watershed outlet while significantly extending the time of
hydrograph racession. Chlori&e, sodium and total dissolved solids monitoring
vare used as indicators of the effect of winter road salting which was

practiced in the watershed for de-icing purposes. The monitoring indicated
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that the retention facility reduced the transport and concentration of
chloride from the watershed during winter runoff events. This was explained
as a combination of a dilution effect on the iacoming salt water and the

tendency I the denser incoming salt water to move to the bottom of the

P
phe

retentien £acility displacing and forcing out of the retention facility the
overlying stored water having a lesser concentration. However, the mean
coacentrations in runoff from the watershed containing the retention facility
were larger.  Therefore, the apparent effect of the retention facility was to
reduce the annual vacrlwoility in salt concentrations.

Calcium and magnesiuml concentrations were monitored to serve as an index
to the behavior of substances transported f..m the soil to the surface water
system. The mass transport and concentration of these substances from the
watershed containing the retention facility were found to be significantly
larger—--factor of two or more-—during runoif events that occurred during late
summer and fall when the quality of baseflow dominated lake quality. The
runoff events flushed the stored baseflow from the retention facility and
increased downstream concentrations. Although calcium and magnesium are of
'relatively little practical importance in assessing surface water quality, the
behavior of these soil-derived constituents in a drainage system containing a
retention facility suggests that the retention facility may store soil-derived
pollutants during baseflow periods and cause abrupt and potentially adverse
increases in downstream concentrations duri~; an ensuing runoff event. An
example of such a pollutant would be certain creosote compounds that have
entered the shallow aquifer from a poorly managed creosote operation. 1In
summary, if the soil and, therefore, the baseflow is polluted, the effect of

that pollutant on the receiving surface waters may be aggravated if a

retention facility is introduced.
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Unfortunately, the quantity and quality of lake inflow were not determined
coincident with lake overflow characteristics and, therefore, it is not
possible to directly demonstrate the effect of the facility on water quality.
Also, other water quality paramzters of interest such as sediment, dissolved
oxygen, fecal coliform, and phosphorus were not included in the analvsis.

Underground Detention Facility in Milwaukee

A recent study (Milwaukee and Consoer, Townsend & Associates, 1975)
evaluatad an underground detention tank as a method for abatement of pollution
from combined sewer overflow. The tank received mcst of the combined sewage
from the 570 acre tributary area--relief and int:rceptor sewers captured some
of the combined sewage before it reached the detention tank and transported it
past the tank.

Because this facility received combined sewage (a combination of storm
water runoff and sanitary sewage) as opposed to only storm water runoff, the
results of the study are not directly transferrable to storm water runoff. A
study by Dalrymple et al. (1975) suggests that storm water runoff may have
better suspended solids settling characteristics than combined sewage.
Therefore, the results of this combined sewage detention study for suspended
solids may provide a conservative estimate of what could be expected with
storm water runoff.

The tank had inside dimens ons of 420 x 75 x 16 feet snd a capacity of 3.9
111 7o galleas, or 11.97 ac-ft, whieh is equivalent to 0.25 inches of runoff
from the tributary avea. Comb.ned sewage flowad by gravity to the tank and
entered through a bar screcn with 1.5 iach openings. The tank contained
several rotary mixers operated only to resuspend solids for pumping out of the

tank after a rainfall-runoff event.
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Inflow-outflow data were insufficient to directly determine suspended
solids and biochemical oxygen demand removal efficiencies. Therefore, a
computer model was developed and calibrated using the inflow-outflow data.

The sedimentation equation, as discussed by Fair and Geyer (1954), was used in
the model to represent suspended solids and biochemical oxygen demand.

Historic hourly rainfall data for three years (wet, normal and dry) were
input to the model to test the effect of %ariable tank size. The size of the
storage tank had a significant effect on predicted suspended solids and BOD

from

removal. For example, the modeling indicated :that increasiag the tank
one million gallons per 'square mile (3.06 ac-ft/square mile or 0.058 inches of
runc ff) to seven million gallons per square mile (21.42 ac-7t/square mile or
0.406 inches of runoff) would increase suspended solids removal from about 35
percent to about 90 percent. This is based on the quantity of suspended
solids and BOD reaching the tank--not all of it did since some was taken from
. F
the drainage area by relief and interceptor sewers. Howevér, interceptor
capacity was set at 8 mgd or 12.4 cfs, which was small compared to peak runoff
rates during storms.

A medel run for 1972 was used to test the effect of pump-out rates on
settling efficiency with the conclusion that settling efficiency was
relatively insensitive to pump-out time for the range of pump-out time
examined. Decreasing the pump-out time from 96 hours to 24 hours for the
facility increased overall suspended solids removal :fficizacy from about 68

to 72 percent and increased overall BOD removal efficies:y from about 65 to 70

percent.
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Sed ineni Fouds in Idano
Bondurant, Brockway, and Brown (1975) discuss the sediment removal

efficiency and other characteristics of two sediment ponds in Idaho based on

measurements tulioy oul. o period of several years. The first and larger basin
measured 60 x 500 x 5 feet and served an area of 6,000 acres, or 9.4 square
miles. The total volume was 3.44 ac-ft, which is equivalent to only 0.007

To lies of runoff from the tributary area}g The second basin measured 300 x 40
{eet with a depi’: ranging from 2 “o 4 feet and s~rved an area of only 70
acres. The total volume was about 0.8 ac-ft, which is equivalent to 0.15
inches of rtuuu i fcruwa the tributary area.

Longitudinal bottom profiles and sediment characteristics (percent clay,
silt, sand and density) at the smaller basin revealed a pattern of more
sediment and more sandy sediment at inlet end. 'Periodically determined
settling efficiencies varied from 56% to 96% and were greatest during higher
flow rates because heavier (more settleable) sediment was carried in. Three
years of data collected for the larger basin showed annual trap efficiencies
of 65%, 68%, and 74%. High efficiencies did not necessarily mean that less

sediment was discharged through either of the ponds.

Ponds in the Woodlands Development, Texas

Davis (1979) monitor:? low flows and storm water runoff from portions of
the Woodlands, a new urban development near Houston, Texas, for two and
one-half vears. The study area contained two closely spaced'artifical lakes
in series hjving a total drainage area of 820 acres and a total volume of 110
ac-ft. The investigations focused on pathogenic and indicator bacteria and
included some limited laboratory and field studies of the effect of

detention. A few suspended solids and turbidity analyses were also run.
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Data presented for five rainfall events which occurred in March (2
events), April, September and Ocrnber, 1975, indicate large reductions in peak
concentrations of suspended solids and turbidity from the upper reaches of the
upstream lake to a point in the downstream lake. For example, an
approximately four inch rainfall in April produced an upstream peak suspended
solids of 2660 mg/l, whereas, the downstream peak was only 356 mg/l-~an 87%
reduction. Similarly, peak turbidity was reduced from 900 to 210 JTU (Jackson
Turbidity Units)--a 77% reduction.

Additional data presented for the above five rzinfall events i-dicated
significant reductions in pathogenic bacteria and in fecal coliform and fecal
streptococci bacteria., Most reductioms 1in peak bacterial concentrations were
in the range of one to three orders of magnitude. Peak concentrations of
fecal coliform bacteria im the downstream lake were generally reduced to abou:
100 to 1000 colonies per 100 mi. The author hypothesized the reductions in
pathogen and .indicator bacteria were caused by a combination of the processes
of dieoff and settling. | |

Laboratory settling experiments were conducted with 5 gallon samples of
storm water runoff. One of a pair of the samples was continuously agitated
while the other was not agitated. Samples were periodically drawn from both
samples at a depth of 15 cm and analyzed for indicator and pathogen bacteria.
Although some high reductions—-507% or wmore——were achiéved for indicator
bacteria after 30 minutes, the results were inconsistent and, %herefore,
inconclusive, |

Other conclusions were that indicator and pathogen bacteria both exhibit a
first flush phenomonen during storm water runoff events and the times of peak

bacterial concentration co-relative closely with the peaking times of
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solids and turbidity. Finally, fecal coliforms as opposed, for example, to
total coliforms, appear to be the best indicators of pathogons in storm water
vunctF.

D/R Basins for Sediment Control at a Maryland Construction Site

Oscanyan (1975) describes the use of two lakes in series (retention
facilities) and twn ~2diment basins (detention facilities) into a 65 acre
wmlti=use recreation facility in Montgomery County, Maryland. All four D/R
tacilitisa wers> intended to serve as sediment traps during the construction
period.

The upstrea= lake hal a tributary area of 37 acres and a surface area of
0.9 acres. The downstream lake had a tributary area of 75 acres, which
included the 37 acres tributary to the upstr:am lake, and a surface area of
2,0 acres. The larger of the two sediment basins had a tributary area of 15
acres and a surface area of 0.3 acres and the smaller .basin had a tributary
area of 2.5 acres and a surface area of 0.2 acres. Volumes of the lakes and
basins were not given.

A modest sediment inflow-outflow sampling program carried out in the D/R
facilities during construction indicated, according to the author, thét_the
two lakes and one of the sediment basins removed over 99 percent of the
incoming suspended sediment. However; the secon? sediment basin trapped only
about 30 percent of the sediment during rainfall-runoff events aad had a
negative efficiency durinz some riinfall-runoffl crears. Based on tﬁe widely
differing sediment trapping performance, the autho- concluded that factors
enhancing sediment trapping include: (1) a high ratio of D/R surface area to
stored volume of water at the design storage elevation; (2) a long, narrow
shape with flow through the long dimension to prevent short-circuiting; and

(3) minimizing turbulcnce.
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Lake in Urban Watershed in Maryland

McCuen (1980) summarizes input-output mass transport quantities and trap
efficiencies for 1l parameters. The study focused on run~{f from a 148 acre
urban watershed in Montgomery County, MD containing a shopping mall, apartment
complexes, highways and townhouses under development. Watershed runoff passed
through a 5.% acre lake.with outflow controlled by a vertical 24" diameter
C¥MP. The eleven water quality parameters were sampled during "several storm
events"--the number and distribution of sampling is not indicated. The
monitoring data were used to deveicp equations for inflbw and outflov
transport as a function of Slow rate. Design storms were then used to
calculate inflow and outflow hydrographs for 2, 10 and 100-year recurrc:.:
intervals. The hydrographs werz in turn combined with the equations to
compute mass inflow, mass outflow and settling efficiencies for each of the 11
parameters.

The resulting theoretical settling efficiencies were very high for most
potential pollutants. For example, for design storm recurrence intervals of
2, 10, 100-years and storm durations of 0.5, 1.0, 2.0, and 6.0 hours, settiing
efficiencies ranged from abcut 20-70 perceat for orthéphosphate, about 75-90
percent for 5 day BOD and cver 95 percent for lead. Hpwever, the settling
efficiency for total phosphorus was low being between 2 and 22 percent. As
expected, settling efficiency tended to decreasc with increasing severity of
the design storm an! with Lucreasing duration wiiuin any recurreacz interval.

Artificial Marsh/Pond System in Upton, N.Y,

Small (1976) presents input-output concentration data for over 30
parameters collected over a 13 month period (August, 1975 through August,.

1976) for an artificial marsh/pond system. This outdoor system, which is
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locited in Upton, NY, received sanitary sewage that had heen Jagritted,

screened, and aerated. The marsh/pond - :stem was part of an experiment to

deva2lop natural systems for treating sanitary sewage prior to discharging to

the groundwater. Although the marsh/pond system received "weak raw sewage or

the equivalent of secondary or primary treated sewage', the study is of

interest in this pap.: because of its uniqueness, particularly the use of an
cificial rmavsh and a pond in se lzs.

The upstraam, marsh portion of the system covercd 0.2 acres and was
constructed by excavation, lining with an impermeable membrane, backfilling
with 4 to 6 inches of muck, and planting with cattails. Water depth in the
artifical marsh was controll-! so as not to exceed 2 inches. The downstream
pond portion of the system was 5 feet d:ep and was constructed by excavation,
s>lacing a linzr, and stocking with carp and other tolerant fish. Bécauﬂc af
the carp, algae were the only vegetation supported in the pond. During the 13
month sampling period, the application rate to the artificial marsh varied
from 50,000 to 100,000 gpd/acre (1.1 to 2.2 gpd/sq. ft.).

The quality of the flow was significantly enhanced by passage through the
marsh system. This may be illustrated by comparing average inflow-outflow
concentrations of selected parameters. For ekample, the average concentration
of suspended solids in the inflow was 353 mg/l anl the average conceatration
in the outflow was 43 mg/l-—-a 88 percent raduction in average values. Inflow
concentrations of suspended solids ranged from 50 to 4300 mg/l whereas the
rang2 in effluent concentrations was 14 to 100 mg/l. Similarily, the .verage
concentration of biochemical oxy en demand was reduced from 17C mg/l to 19

mg/l--an 89 percent reduction, the average concentration of total phosphorus
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was reduced from 7.2 mg/l to 2.1 mg/l--a2 71 percent reduction, and :the
geometric mean of fecal coliform bacteria was reduced from 1560 colonies per
100 ml to 50 colonies per 100 ml.

Natural Marsh at Brillion, WI

Inflow to and outflow from a 385 acre natural marsh located at Brilliom,
WI and having a 19 square mile drainage area were monitored for 15 months
(Fetter, et al. 1973). Th- wmursh received surfacs runoff fr-- :the primarily
urban itershed and, because of a municipal wastewater treaiment plant,
secondary c¢ffluent accounted for from 2 to 50 percent of the ¢stimated mouthly
flows into the marsi.. The average depth of the marsh was about 1.5 feet ap?
the estimated theoretical deteation time, based on mean anaual runoff, was 48
days.

A comparison of inflow and outflow concentrations averaged over the study
period for various potential pollutants indicates that significant reductions
occurred. For example, BOD concentrations were reduced 80 percent, coliform
bacteria 86 percent, nitrate 51 percent, COD 44 percent, turbidity 44 percent,
suspended solids 29 percent, total phosphorus 13 percent, and orthophosphate
about 6 percent. A mass balance analysis indicated a net phosphorus reduction
attributed to the ﬁarsh of 32 percent for the 15 month study period.

Wayza-a Wetland in Minnesota

A study was -conducted on the Wayzata wetland in the Miﬁnehaha Creek
Watershed Distcict (Weack, 1977). A goal of the study was to determine the
effectiveness of wetlands in removing potential pollutants from incoming
streams thus preveating those substances from entering and impairing the

quality of lakes. The wetlaud removed 77 percent of the total phosphorus
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22t 94 percent of the total suspended solids that entered during the study
period. Based on a biological assessment, no negative impacts on wildlife or
vegetation were noted.

Warurai Marsh at Green Lake, WI

This study (Tuuviue & Assuciates, 1578) culminated in a management plan

for Gicen Lake, a 7346 acre lake in a preglacial vallev about 75 miles

anrthuwe

(D]

-

Q

f Milwaukee, WI. Green Lake water quality was deteriorating as
inilcated primaril: by increases in nuisance algae and other aquatic plants.
T.... observed water quality degradation and the shift towards a eutrophic
status were attributed to an incy wsed influx of nutrients.

One of thc recummended manag.n»at measures 1s investigation of the
feasibility of an artificial marsh on Silver Creek at the point where it
enters the east end of Green Lake, to trap incoming suspendad sediment and
phosphorus.

The recommendations were based, in part, on monitoring of the nutrient
trap effect of County Park Marsh through which flow enters the west end of the
lake. Grab samples wer: taken over a period of one year during both wet and
iry .>ather periods. During a sonitoring period, 71 percent of the total
phosphorus entering the marsh was trapped and prevented from entering the lake.

Artiicial Marshes, WI

Studies on sev~ral artificial marshes, and a natur-" marsh at Brillionm,
Wi, suggest significant seasonal patterns (Spangier, et al. 1977). Primary
and secondary effluent was passed through the artificial marshes composed of
bulrushes and, over an 18 month period; approximately one-third of the total

phosphorus in the incoming flow was removed by the marsh.
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The variable =casonal phosphurus accumulaticn pattern was "accumulation
over long periods in spring and summer and discharge of phosphorus in sudden
spurts either in autumn or winter. ... accumulation in the artificial marshes
seems to be associated with high rates of biological activity. Discharge
occurs after cold weather kills the f{iora."

Th=2 authors suggest that the water quality enhancement effect of a marsh
cnuld be imprnved hy harvesting vegetation and by pumping water from or
diveriing it around the marsh during expected flushing periods.

PERFORMANCE OF D/R FACILITIES BASED ON LABORATORY STUDIES

Romoff from Durham, North Carolina

Colston (1974) studied a 1.67 square mile (1,070 acre) mixed land use
urban “asi: in Durham, North Carolina. The study area did not have a storm
sewer system——drainage was provided by street gutters, swales, small pipes,
and culverts. Thirty-six storms were sampled. For most pollutants,
concentrations had a standard deviation of 70% to 80%.

Laboratory experiments were conducted on storm water samples using
chemical oxygen demand, suspended solids, and turbidity as water quality
indicators. The objective was to explore the factors influencing the
physical—chemical treatment of storm water runoff. Laboratory sedimentation
tests were conducted in 1,500 ml beakers some without.pH ad justment and
coagulants and others with pH zdjustment and various combinations of
-coagulants.

+ Fifteen minutes of plain sedimentstion under quiescent conditions produced
average chemical oxygen deménd, suspended solids, and turbidity removals of,
respectively 61%, 77%, and 53%. Fifteen minutes of plain sedimentation under

quiescent conditions using alum as a coagulant produced higher average chemical
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oxygen demand, suspended solids and turbidity removals of, respectively, 847%,
97%, and 94%. The author states "within the choices of treatment
alternatives, plain sedimentation is a reasonable, rzlatively inexpensive
alternate to chemical treatment of urban land runoff".

After complefing the above jar tests, larger batch scale coagulation,
flocoulation, and sedimentation te=ts wera run on stor~ water run>ff. The
test apparatus consisted of a 10 foot tall plexizlass cvlinder having a £.25
inch innar diameter. The rasults of these tests produced depth versus time
relationships for difference percent removal of suspended solids. These
relarionships wers in turn used to construct curves of perceat suspended

. solids vemoval versus overflow rate. These relationships are for ideal
quiescent scttling and "would have to be adjusted depending on the relative
efficiency of a designed sedimentation basin." Even at an overflow rate of up
to 6,000 gpd/sq. ft., over 90% of suspended solids can be removed by
sedimentation, according to the settling curves presented in the report.

Unfortunately, the above large scale tests were not rumn as piain

sedimentation, that is, without coagulants or coagulation aids. Based on the
rasults of the jar tests, a smaller maximum allowable overflow rate for a

given desired percent removal would be expected.

Runoff from Toronto

Dalrymple and others (1965) reviewed literature dealing with the settling
p. .vties ol sanitacy sewage, combined sewage, and sterm water runoff and
then perfor-sd laborarory susp:nded s>lids tests on a few samples of Toronta

storm water runoff.
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Studies reported in the literatire were used to develop a particle size

a, and storm water. The

32

Jdistribution grapv for sanitary sewage, combined sewa
graph suggests that particle sizes in potential storm water runoff are
signifi;antly;largar than in combined sewage. This assumes that storm water
runoff will transport all the solids washed off in the street washing
experiment. Thus, 21l other things being equal, better settliay should be
"chieved with storm water runolf than with combined sewage.

Laboratory se.tling tests wer: run on storm watar runofl collected at an
outfall in Toronto. The sample was thougit to be higher i~ =7 - a.l silt
content relitive to most storm water runoff. 1In one rum, on2 hour of settling
reduced suspend:d solids by 807 from an initial concentration of 337 mg/l. In
another run, one hour of settling reduced suspended solids by 87% from an
initial concentration of 323 mg/l. Based on their laboratory tests, the
authors suggest that the settling characteristics of storm water runoff might
be improved by storage prior to settling to provide an opportunity for
agglomeration of small particles.

THE WATER QUALITY PERFORMANCE OF D/R FACILITIES
BASED ON COMPUTER MODELING STUDIES

Computer Modeling Studies of Hypothetical D/R Facilities

Curtis and McCuen (1977) address the factors that influence the
effectiveness of a D/R facility in controlling both flow and sediment. The
authors develbped a computer model con;isting of a soil detachment transport
submodel, a detention/retention reservoir sedimentation submodel, and a
resarvoir 1suting submodel. All analyses used a 2-year, 6-hour design storn.
Sensitivity studies were run leading to the observations that settling
efficiancy increasad with increased proportion of larger (heavier) soil
particles, decreased depth of D/R, decreased initial volume of water in D/R,
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and decreused size of orifices in outlet control ::ructuré (a perforated riser
pipe). icak outflow was d-creased by all those ficrtors that increased
settling efficiency (except for particle size distribution). Because of timing
effects, it is possible that muitiple D/R in a watershed could increase flow
at‘the watershed outlet.

Kamedulski and McCuen (1979) used a calibrated hydrologic-erosion-
sedimentation model to evaluate the consequences of various detention
policies. All mcdeling was based on design storms as opposed, for example, to
a series of historic storms. Peak flow reduction through a D/R facility
dacreased within increased recur-ence interval, increased urbanizationm, and
increased storm durations--all because of the increased‘volume of inflow.
Settling efficiencies decreased in similar fashion.

Most D/R policies constrain one point on the discharge-probability
relationship which may result in significant over or under design for other
possibilities. The general trend suggested by this modeling study was that if
a D/R facility is designed for a given recurrence interval, it will be‘over
designed for more severe events and under designed for less severe events. Of
interest is the very high--generally 85% or greater--settling efficiencie§
predicted for all situatioans. This was explained by a dominance of heavy,
large~sized soil particles and long flow lengths.

Sattling Efficiency Equation

Haan and Ward (1978) developed a digital computer model to simulate the
passage of a hydrograph and sedimentgraph through a D/R basin. A limited
amount of data were available to verify the model. Model input includes:
inflow hydrograph, inflow sedimentgraph or inflow sediment mass, a stage-
discharge-area relationship, sediment particle size distribution and specific
grAvity. The initial modeling resulted in development of an equation fnr
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from the large numh.c of srill storms carry msut of the pollutants.

Therefore, dual purpose D/R facilities should be sized and provided with
outlet works that detain as much runoff as pos.ible from small storms and hold
it for a long time to provide ample time for settling. Dual purﬁose D/R
facilities should also be designed to safely detain as much runoff from a
large storm but release it from the D/R facility as soon as possible to
provide roow, if needed, for storage of runoff from a subsequent flood.
Maintenaace will be even more importaat for dual purpose D/R facilities than
for single pucpose facilities.

SCS Sediment Basin Concepts and Aids

The Soil Conservation S2rvice (USDA, no date; USDA, July, 1975) present
design guidelines for the outlet control structure of a permanent or temnorary
facility intended to trap sediment. The principal elements of this structure
are:

1. a turf-covered earthen embankment with a trapezoidal cross-section,

2, a pipe principal spillway passing beneath the structure provided with

a metal riser and trash rack at the upstream end, and

3. an emerzency spilllway.

This type of hydraulic control structure is frequently modified to serve
the dnuzl purpose of controlling large volumes of runoff associated with large
infrequent rainfall events while effectively trapping sediment and adsorbed

pollutants during smaller but more frequent rainfall and snowmelt events.
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settling efliciency as a function of D/R capacity, inflow volume, average
detention t.me, storm duration, pcak inflow and cutflow rates, and percent of
sed iment particles smaller than 5 and 20 microns, respectively, at the peak
iaflow rates.

P:oteatial Adverse Downstream Flooding & Erosion Effects

Malcolm (1978) investigated the 2ffect of a D/R facility receiving flow
from . 360 acre w.!crshed on channel bank and bottom erosion downstream of the
fa iity. A hypothetizal D/R facility was designed to reduce peak watecshed
sutfive fuv the selected design storm from 500 to 150 cfs. A digital computer
mwlel was used to develop infl. -outflow hydrographs.

In addition to before and after hydrographs for the design storm
condition, before and after zraphs of tractive force varsus time were also
constructed. The tractive force graphs indicated that the effect of the
storage facility was to reduce the maximum tractive force by about one-half
but to double the time of persistence of tractive force above the scouring
threshold. This suggests the counter-intuitive conclusion that D/R will not
nece.sarily reduce dounstream chancal bottom and bank erosion bit may actually
ago-avate it by increasing the duration of tractive forces and by
concentrating those forces in and near the channel.

GUIDELINES FCR PLANNING AND DESIGNING
Ti'Z WATER QUALITY FEATURES OF D/R FACILITL:IS

Planniny and Designing for Control of Quantity and Quality

Waipple (1979) notcs that D/R facilities can be planned and designed to
control ».oth the quantity and qu:iity of urban runoff. The few large storms

that typically occur in a year cause the most flood damage, whereas, runoff

-A41-



Deaign Prosadurec ror the Sedimentation Aspects of a D/R Facilit
£ ) e otar the eedimmenta J LAacility

Malcolm and New (1975) present a procedure for designing the sedimentation

aspects of a D/R facility. Necessary design criteria include:

1. Selection of a recurrence interval. A 10-year recurrence interval is
suggested for the settling performance of the D,/R facility with a more
seve:: condition being selected for the hydrologic-hydraulic and
structural design of the entire D/R facility.

2. Selection of the size of the smallest particle to b: settled with a
given settling efficiency at peak outflow. A 40 to 80 micron particle
is suggersted to be removed at 70 percent efficiency.

{Note: 1 micron = 0.001 mm}.

The design process, wrich is Jescribed in detail and illustrats: with =3

example, consists of:

1. Sizing a shallow inlet zone to spread the incoming flow across the
width of the basin.

2. Sizing the settlng zone based on the design flow and the desiza
particle size and trap efficiency. Hazen's (Fair and Geyer, 1954)
theory of sedimentation tank design is used to determine the
minimum allowable plan area of the settling zone.

3. Sizinz the sediment storage zone which lies beneath the settling
zone. The sediment storage zone is sized to contain the total volume
of settled sediment that will be trapped during the life of the
facility or between sediment removal operations.

4. Sizing the perforated metal riser and the piped spillway which
passes beneath the earthen or other dam forming the outlet structure,
The riser diameter is based om a weir flow analysis; the number, siz=
and location of perforations in the riser area based on an orifice flow
‘analysisj and the size of the main pipe is based on an inlet control

approach.
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Oscanyan (1975) also describes and illustrates with an example a procedure
for designing the sedimentation aspects of 2z D/R facility. The procedure is
more elaborate than that presented by Rooney and New (1975) and requires more
data and, accordingly, may not be as readily applicable. For example,
Oscanyan specifies removal of all sediment particles greater than 5 microns in
diameter and the corresponding steps in the design procedurc requires a grain
size distribution curve for the incoming suspended sediment.

~Eie author provides a scaematic plan and.section dra&ings of a
sedimentation basin, The schematic complements those presented by others
(USDA, no date; USDA, July, 1975). Important elements of the basin are:
an earthen dam or embankment, a settling zone on top of a sediment storage
zone, a metal riser and a pipe spillway which passes beneath the earthern
embankment.,

The author does not addrzss ' .e design of a combination sedimentation
basin-storm water control facility. However, this sedimentation basin design
procedure could be integrated with a design procedure for determinirng the
volume of stocag: and the ouclet control works needed to control a large
quantity of runoff like that which would be generatad by a large storm.

Chen (1975) also presents a design procedure that is similar to the two
p-:ceding procedures in that ic is based on settling efficiency as determined
by settling velocity of particles. An illustrative examplz is not provided.
Usef:l design aids included in this paper ara: a table of dry waights of
settled sediment, a table of settling velocitigs for a ranges of suspended
sediment sizes from fine clay to course sand, and a graph of settling
efficiency versus outflow rate (unit overflow rate based on plan area) for the

same rang2 in suspended sediment sizes.
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OPERATrON A..- MAINTENANCE ASPECTS OF D/R FACILITIES

A systemati: maintenance program is required for the safe operation and
proper functioning of a D/¢ facility is intended to control the quantity or
quality of storm water runoff. 1In areas such as northeastern Illinois where
D/R of storm water has been practiced or required for quantity control for a
docade or mor2, there are indications that proper maintenance has not been
provided. Inadequa2z maintenance prevents the D/R facility from functioning
as designed and creates safety hazards, flcod risks, nuisances, and aesthetic
oroblems.

Madison, WI

Operation &~d maintenance suggestions based on experiance in Madison,
Wisconsin are presented by Schosnbeck (1979). The planning and design process
should consider operation and maincenance needs by providing ease of uncess
and movement for trucks, front-end loaders, and mowerg.v Consideration should
be given t§ provision of protective grates on outlet control structures to
minimize entrapment of debris and to prevent children from being washed into
the outlet control structure.

Madison crews check outlet control structureé during and after ecvery
runoff event and are experimenting with a weather forecasting service to
provide advance information as to the expected occurrence and magnitude of
runoff events. Madison has experimented with weirs and other outlet control
structures intended to trap sediment.

Highland Park, IL

The City of Highland Park, Illinois (Highland Park, 1977) allows use of a
D/R facility as a temporary sediment trap during the construction phase of
land development provided that the facility is restored to its design storage
capacity. The continued proper functioning of D/R facilities is encouraged by
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requiring a maintenance procedure for such facilities as part of the plan
submitted for land development. Furthermore, the city engineer is required to
inspect every D/R facility at least once every five years and to serve notice
if repairs ¢r maluleuance are required.

Montgomery County, MD

As 2 resuli of the Maryland Seciment Control Act of 195, the Montgomery
County) 301l Comservation District must approve sediment control plans prior
Lo initiation of land development projects. The District's responsibility
includes controlling off-site erosion and sedimentation and, therefore, use is
made of D/R facilities. Formal maintenance responsibility arrangements must

be made prior to construction. If facilities are constructed on public land,

the head of the governmental unit must provide a letter indicating
responsibility for maintenance. For facilities constructed on private land,
the owner must sign a maintenance statement.

DISCUSSION AND CONCLUSIONS

Little 1s Known

With the exception of a few field and laboratory studies of the effects of
D/R facilities on removal of suspended sediment from storm water runoff, few
field or laboratory studies hav: been conducted on the use éf D/R for
enhancemenf of storm water runoff. Therefore, the effectiveness of D/R
facilities in remaving non-point source pollutants—-other than sediment--has
not been convincingly demonstrated in the field.

A Pavorable Prognosis

D/R facili-ies have, in many instances, been si~wn to be an effective

means for controlling the quantity of storm water runoff while also offering
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economiv, recrcaiion and aesthetic benzfits. Suspnnded solids trap
efficiencies in excess of 90 percent have been reported for the few available
field studies. Although the state-of-the-art is rudimentary, it appears that
with additional effort lealing to additional knowledge, D/R facilities could
be plaaned, desigued, constructed znd operated to also provide for control of
the quality of st.rm water runoff.

Effect on Pollutants Other Than Suspended Solids

Based un the results of very few field and laboratory studies, there are

i

indications that D/R f:-ilities may significantly reduce the concentration of
pollutants other than suspended solids. Examples of these pollutants or
pallution indicatcrs are biochemical oxygen demand, chemical oxygen demand,
pathogenic and indicator bacteria, turbidity and chloride. The solids appear
to be a transporter of pollutants such as phosphorus, pesticides, heavy
metals, and bacteria. Therefore, susﬁended solids should be the primary
target. The explicit successful control of suspended solids in D/R facilities

is likely to result in the removal of other non-point source pollutants.

Factors that Influence Performance

Field, laboratary, apd computer modeling studies suggest that D/R
facilities can easily achieve suspended solids trap efficiencies of 70% or
more. Trap efficiency is improved by or increases with:

1. Volume available for temporary storage of storm water

2. The presance of a restricting outlet control device such as a

metal riser

3. Reduction in emptying>time between runoff events

4. Increased fraction of larger soil particles
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5. Minimizing short circuiting

6. Large surface area for a given storage volume

7. Introduction of a coagulant, such as alum, and coagulant aids

8. An outlet control configuration that minimizes velocity in the D/R
facility in the viciaity of the outlet.

The Leveling Effect

Just.as D/R facilities reduce the long-term variation in stream flows in
downstrecam reaches, they may also reduce th: long-ierm variation in stream
water qualicy, that is, in the concentration and transport of potemtial
pollutants. Although a leveling of water quality may be generally desirable,
there may be adverse effects.

A Cautious Approach to Design

Some design guidelines are available for the sedimentation aspects of D/R
facilities for use by practicing engineers. These aids are based on a
combination of plain sedimentation basin design procedures drawn from the
field of sanitary engineering and empirical sediment trap efficiemcy studies
‘for large reservoirs. Because incorporation of water quality enhancement
features in DR facilities is relatively new, engineers should proceed with
caution and make full use of the few aids that are available.

Integrating Quantity and Quality Control Concepts

Preliminary eagineering invastigations of D/R fecilities i-tend:d to
achieve qu.ntity and juality control with supplemental recreation and
se:chetic benefits should draw on experience alrecly gained in the following
thiree areas: hydrologic-hydraulic dcsign of flood control D/R facilities,
empirical and theoretical sedimentatiuon design procedures, and use of

vegetative filters. One D/R facility concept that integrates these three areas
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of experience is a series configuration consisting of, in downstream order, a
selimentation basin, a vegetative filter, and a retention reservoir is shown
in Figure 3.

Possibilitv of Increased Downstream Erosion

Based on preliminary studies, the construction of a D/R intended to reduce
downctrzcam flooding and poll:tion may u.der certain conditlons actually
increase downstream erosion and sedimentation by ®.::reasinz the duration of
erosive forces, by concentrating thuse forces in or near the channs’, and by
the reduced sediment load in the D/R discharge. Designers should carefully
assess this possibility and its conseqﬁences.

The "Little Additional Expense" Idea

In terms of land acquisition and construction costs, relatively little
additional expenditures are likzly to be required to add effective watar
quality control components to a planned D/R facility. Storm water D/R
facilities intended for control of storm water quantity with supplemental
recreation and aesthetic benefits have typically been of such size and
configuration that relatively little additional earth work and components
would be required.

Potential Inspection and Maintenance Problems

The short experience with operating D/R facili:ties, most of which were
intended t.: control the quantity--not quality--of runoff, suggests that
pariodic and storm-related inspection and maintenance is vital to effective
operation. One problem that has occurred is accumulation of sediment and
debris. Because D/R facilities intended for bsoth quantity and qu-iitv control

will, by design, accumulate even more sediment and debris, it follows that

systematic inspection and maintenance will become even more important.
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Inspection and Maintenance Approaches

Proper inspection and mairtenance of D/R facilities m~ be accomplished by
municipal staff oc be carried out by the owner, with the latter being assured
by legal agroemeal or municipal ordinance. Inspection and mainten:ince
responsibilities should be formalized prior to beginning construction.

One of <everal Measu.-e¢s

D/R facilities ara one of many structural and noa-structural measures
potentially available for managing the éuantity and quality of storm water
fes WD venv if significant advan-es are made in the state-of-the-art of D/R

kaowledge ., other management measures may e more ~nproprlate In a

facility

given siruation.

"Go Slow'" in Mandating D/R Facilities

Civen the limited knowledge, local, state and federal governmental units
should "go slow" in mandating D/R for controlling the quality of storm water
runoff in urban and urbanizing areas. Premature rule-making and regulation is
likely to result in "action" but little progress. More is likely to be
accomplished in advancing tﬁe state-of-the-art and in achieving significant
control of‘non-point source pollutants by (a) funding additional research and
development projects and pilot studies and (») by "encouraging" the contr.! of

)

non-point source pollutants but not dictating the means.
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ATTACHMENT B - Papers identified by selected key words presented in Table 1.

1. Alley, ¥W. M. 1980. A simple lumped-paramat:r run::f quality model.
National Symposium on Urban Stormwater Management in Coastal Areas, C. Y. Kuo,
Editor, American Society of Civil Engineers, New York, pp 236-243.

Abstract: The state-of-the-art of urban runcff modeling is far in advance of
urban runoff-quality modeling. Whereas, a physically-based distributed-
parameter approach to raiifall-runoff modeling has bren successfully perifcrmed
in manv studies, such approaches toward runcff-quality modeling have rarely
bean a pro-en success. Recognizing this fact, 2 siv_le runoff-juality mod-!
has been developed. The wode! is = lumped-paramet=r modsl in tb~% no spati-.
viariations in model pavamat2rs are accounted for. This model has been linked
with a more complex distribution routing rainfall~ runoff model. The purpose
of this paper is to describe the structure of the runoff-quality model and its
application to a small urban drainage basin along thzs coast of south Florida.
A description of the structure and an application of a simple lumped-parameter
urban runoff-quality model has been presented. The model utilizes exponential
constituent accumulation and washoff equations for runoff-quality simulation
and a modified-Rosenbrock direct search algorithm to identify model parameters.
An option is included in the model to account for wetfall contributions. The
model is limited in its applicability té watersheds and coastituents for which

£l

runoff loads originat: predomina..v!; from effective impervious surfaces snd
for which constituent concenir:z-ions tend to decrease with time from start of

storm. The model was calibrated and verified for storm-runvff loads of total

~itrogen from a small urbanized watershed in scuth Florida; standard errors of
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approximztely 60 percent were found during ﬁodel verification. The potential
importance of accounting for wetfall contribution when determining model
parameters for total nitrogén was demonstrated in this application.

2. Baker, W. R. 1977. Stormwater detention basin design for small drainage
areas. Public Works, pp 75-79

Abstract: Control and wmanagemznt of stormwater runoff has resulted in
associated problem§ causing it to become an incra2asing source of coacern for
public works engineers. One of the most eifective me.hods of reducing the
vita of runoff is through the use of a storage or detention basin. The author
.uses hydrpgraphs to deveiop a model for uses in determining detention basia
~design f>r small drainage areas. A modified version of the rational method
was ‘sa2d to generate the inflow hydrograph. This method represents a simple
procedure which yields z:ceptable design results when applied to small
drainage areas (i.e., up to 200 acres in area).

3. Bedient, P. B., and C. B. Amandes. 1978. Monitorinag, modeliﬁg and
management of non-point sources in Houston, Texas.. International Symposium
on Urban Storm Water Management, C. T. Haan, University of Keatucky,
Lexington, pp 151-157. |

shstract: The Department of Environmental Science and Engineering at Rice

University has undertaksn a coordinated research effort with the City of
Houston Health Department. on stormwater sampling and management. A
comprehensive sterawater quali%y and low flow sampling program has been
jasigned for the Brays Bayou watershed and tributariess in order to define
pol:utant loads (TSS, 77, NO;, NHj, BOD, DO) and petential impacts. The

m.in objective of ©! - srudy is to otganize the City of Houston sampling effort

in order to differzntizts the impact of point sources vs. stormwater runoff,
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Load-runoff relationships have been dev :loped as a function of land use type
and are used (n a predictive model (HLOAD) for multiple or individual storm
nts. Stormwatcr responses are predicted using a hydrolic formulation such
as STORM in concert with the HLOAD methodology. Results from four watersheds
have been quite gatisf-ctory for TSS, TP, TKN, and COD. Total annual load
calrulations indicate 85-90 percent is due to nonpoint srurce runcff. For a
variety of stermvater management practices, including channel modification,
dnte~tlon storage and land use controls, STORM and HLOAD models were used to

¢ 'cacterize the effects of storm flows ani receiving water quality. Both
present and projected land use patterns were imput to investigate the effects
of future developmeng in the watershed. Cost data for a variety of manazement
alternatives will be estimated and compared to evaluate relative effectiveness.
4. Bedient, P. B., P. A. Harned, and W. G. Characklis. 1978. Stormwater
analysis and prediction in Houston. American Society of Civil Engineers,
Journal of Environmental Engineering Division, 104(EE6) 1087-1100.

Abstract: Analyses of available stormwater hydrologic and water qua}ity data
for several Houston area watersheds yielded direct linear relationships
between pollutant mass loading rates and cumulative storm runoff volume. These
relationships were then used to rank the watershads on a pollutant load per
unit runoff bas's, and to calculate total annual pollutant loads for each area.
Further, a plnt of dimensi. "ess cumulative flow versus thz dimensionless

¢ ulative flu. orovides a quanl Jiabls mearns to evaluate the first flush.

[47)

aillowir: comparison of this effi.” between waters:ds. Fina'ly, the developed
load-runof. ralatio:ships provide the basis for 2 simple, yet effective metlud

of predicting pollutant mass flows for individual or sequeantial storm events.
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5. Bourlilliecr, P. H., and A. W. Peterson. 1978. Storagc raquirements for
peak runoff control. 1International Symposium on Urban Storm Water Management,
C. T. Haan, Ediﬁor, University of Kentucky, Lexington, pp 13-18.
Abstract: Storage of storm runoff is becoming a common part of the design of
iand deveiopmenrs beciuse most environmental contirl authorities have imposed
1imizz on the pent vite of runolf. The objective of such regilations 1is to
reducc ercsion by flows which would ex:zeed those which occurved before
cvclopment. A mo-uod of computing storage requirements for storm runoff is
presented. A plot of maxinum allowable outlet rate/maw: mum inflow rate vs
required reservoir volume/storage. A bottom outlet is used, tha rate o
outlet varying as tl.: square root of the head on the outlet. Curves are
provided for triangular and for cusp shaped hydrographs. Computations are
based on total runoff (coefficient of runoff x rainfall) and a chosen base
length of hydrograph. Allowable peak outlet rates may be assumed or set by
regulatory agencies. Examples are given using Edmonton rainfall data. The
range of options provided, viz; return storm period, base length of hydrograph,
and runoff coefficiants shogld enable wide applicability of this method.
Considering the uncer;ainties of rainfall intensity and patterns it is
believed that the method is sufficiently accurate for most applicationé.
6. Branit, G. H., E. S. Conyers, M. B. Ettinger, F. J. Lowes, J. W. Mighton,
and J. W. Pollack. 1972. An e. nomic analysis of erosion and sediuent
control mcthods for watershed- undergoiag urbanization. The Dow Chemical
Company. Midland, Michigan.
Abstracr: Economic bi:i:fits are expected from counfrolling e.usion and
sediment during urban con-*ruction, but control costs for urbaen ercsion have
not been previously related to benefits. In this study, costs are compared to
effectiveness for many erosion and sediment control systems. Potential soil
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losses were calculated with the universal soil loss equation. Damage costs in
streams were assigned to specific construction sites by e¢quations incorporating
estimated cost constants and sediment delivery ratios for various 'legs" along
a drainage path. Specific damage values were determined for numerosus
downstream sediment problems. Ti:: Semeca Creek watershed, located 20 miles
northw..: of Washington, D.C., .. used 2s a model watershed for the study.
Costrol practices presently being.used in the watershed include sediment
basins, diversion berms, level spreaders, zrade stabilization structure, sodded
ditches, seeding, and straw mulch tacked with asphait or disked. This
convzantional system is estimated to cost $1,125 per acre and to centrol 91% of
the potential erosion. Control systems incorporating large sediment basins can
boost control to 96% at less total cost. Multipurpose impoundments design with
sediment forebays for chemical flocculation can b3t urban sediment controir
to 99%. 1In addition, such structures contribute very significantly to controal-
ling sediment from agricultural and idle land. Sediment from these non-urban
sources must be controlled to significantly reduce the sediment pollution
problem. Urban construction sites can contribute large quantities of sediment
per unit area, but coanstitute a minor portion of the total sediment pollution
problem bacause total acreage is generally small compared to other land that
contributes sediment. Sediment damages from uncontrolled erosion on urban
construction sites in the Seneca watershed could potentially reach

$1,500/4:+>. This estimated d. :age vai.: applies to spacific condictions
prevailing i: the watershed where 300 tons of sedimen: could erode per acre of
uncontrolled devselor it duvri - aa 18-month construction pearicd. The

estimated maximum soil erosion rate approaches 200 ton/acre/year or 128,000

ton/milez/year. However, downstream damages would be caused by only a
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portion ¢ this total potential sediment. Sediment delivery and transport
ratios determine damage distribution along a stream and are a major source of
uncertainty in this economic analysis.,

7. Butler, R. V., and M. D. Maher. 1978. The economics of urban stormwater
management. Center for Economic Theory and Econometrics, Rice University,
Houston, Texas.

Al:tract: Recent studies havé shown that urban flooding and water quality
problems are due in part to the effects of upstream urbanization. Economic

¥
L

analysic suggests thalt upstreau development will continue and the problem will
worsen because upstream residents have no incentive to alter their behavior
that cauvces stormwater problecz:. The consequences of the increased runoff
thsv generate are borne by others - by affected downstream resid. nts ard by
the general taxpayer if traditional govermment protection programs are usel to
lessen damage dowanstream. The major policy implication of this analysis is
that treatment and mitigation efforts should focus on the source of the
problem as well as the site of damage. The external costs of upstream
development requires that both flooding and water quality aspects of
stormwater runoff be managed basin-wide, since uncoordinated community-by-
community action cannot simultaneously implement controls upstream, upland and
downstresm. In addition, the efficient management strategy must consider both
floodi .y and water quality simultaneously. Sincs the pollution and flooiing
prablems ave produced jolutly, it will typically make sense to plan for joint
treatment. Several policy iInstruments for basin-wide control are discussed.
8. Calabrese, M. M. 1980. Optimization of stormwater management practices.
National Symposium on Urban Stormwater Management in Coastal Areas, C. Y. Kuo,

Editor, American Society of Civil Engineers, New York, pp 183-194.

-A65~



Abstract: In recant years, stormwater has been found to be a major source oi
pollution to receiving waters. Major research efforts have been directed in
this area, primarily as a result of the water pollution acts and amemdments.

Yet, there remains a need for mors data in this field of stormwater management,

19
4o

especially cost-performiance data, and the planning methodology to optimally
select management practices based on the cost-performance data. The
objectives of tl:ls vusearch were to develop cost-cffective data on various
management practices, and use these data to find optimal combinations of
stormwater management practices for storm-sewer systems. The optimal
combination of structural and non-structural management practices for
wet-weather pollution control was determined using linear prograwaing methods.,
The selection is a most critical :.ement of stormwater management research
because stormwater removals must be related to lake productivity and the best
combination of management practices must be specified to achieve desired water
quality improvement. Combinations of computer analyses and mathematical
programming were used to analyze the data. The research culminating in the
computer program "MANAGE' described in the body of this paper reveals a
methodology for the choice of an optimal combination of stormwater management
practices. However, more work is needed to estimate localized cost-
eiiiclencies for stormwater management practices. Incorporating mathematiczl
prograwsing me. 'nds to tiiis work s :jes timz and monevy since it eliminates

guec work aad allows one to «»lect 2 combination of practicos which wilil
remove 4 m wimum amount of pollutants at least cnst., The program was
beneficial in establishing the least cost combin..'on of management practizes

in the Lake Eola v.utershed, Orlando, Florida.
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7. Cordero, C. 7. 1972, pmunage--~nt of runoff from minor stovas in
ﬁontgomery County, Marvland. American Society of Agricultural Engineers,

St. Joseph, Michigan. (preprint)

Abstract: The purpose if this paper is to present briefly the-action taken by
and in the County to relieve some of the problems connected with storm water
runof? in a rapidly urbanizing area. First will be presented the procedure by
inich the criteria was develu =d, and a synopsis of the critaria irself. Then

1

how the criteria was applied i1l be briefly described.

rt

zRampies o
Finaily, an assessment of how wcll the program is succeeding will be offered
to give other: the benefit of the experiénce to date.

10. Curtis, P. C., and R. H. McCuen. 1977. Design efficiency of gtormwater
detention basins. Journal of Amarican Society of Civil Enginec~rs, Water
Resources Planning and Management Division, 103(WRl): 125-140.

Abstract: 1In addition to increased flood runoff, urban development has caused
a significant increase in sediment loads in streams. While many means of
ssdimeﬁt and runoff cont?ol have been proposed, stormwater detention has been
shown to be one of the more cost effizient means. Because detention
facilities have not been used extensively in the past, a data base is not
available for determiniﬁg the effect of design factors on sediment trap
efficiency and runoff control characteristics. A mathematical model, which
includes erosion, sedimentation, and detention facility components, was
developed from principles of hydraulics and classical settling mechanics. The
mode1 was used to examine the effect of: (15 Detention basin location; (2)
soll particle size distribution; (3) basin depth; {4 injtial storage,.and (5)
orifice diameter. Aun understanding of the relative impertance of these

factors may lead to better design of stormwater deteantion facilities.
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11. Davis, W. J., R, H. McCuen, and G. E. Kimedulski. 1978. The effect of
storm water detention on water quality. Internaticnal Symposium on Urban

Storm Water Management, C. T. Haan, Editor, University of Xentucky, Lexington,

pp 211-218.

Abstract: Recent studies have indicated that non-point socurces of pollution
are often a major contributor to the degradation of stream quality. While
storm wat«r detention basins have proven to be an effective means of control-
ling both runoff rates and sediment loads, the effectiveness of detention
facilities has not been documented. Montgomery County, Maryland, has completed
a Section 208 research study of th> effectiveness of a functional sedimentation
control basin and a storm water manag=ment basia, as examples of local non-
point sour . pollution control structures. These structures are recommended
for strategic use in a plan for area-wide waste treatment management developed
by the Metropolitan Washington Council of Governments for the Washingtom, D.C,
area. The study included monitoring of rainfall and water quality parameters
in basin inflow and outflow, as well as detention basin and land use
characteristics. Analysis of measured data provided relationships of inflow
sed?7ent and pollutant loadings to land use and rainfall. Trap efficiencies
for sediront and pollutant loads were evaluated and related to rainfall, land
use, and -as o design characteristics. Using the measured data, a hydraulic/
hydrologic mol:l was calibrated and used to examine the effect of storm water
dotention on s~dime : and other pollutant loads. The modsl wsas used to examine
the eff -t that variation >f basin design charactoristics would have on
ei/iciency of the structures. Monitoring installations and data collecrion

are described, data analysis techniques and.reSults are presented, and the

model, its calibration, and operation are discussed.
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12. Day, J. W., and C. L. Ho. 1973, Assimilation of Agrichtural runo ff by
a swamp forest wetland. . Agriculiural and Mechanical College, Center for
Wetlanas Resources, Louisisna S ire University, Baton Rouge.

Abstract: The gencral objective of this research 1s to determine the ability
of natural wetlands in south Louislana to remove nutrients from agricultural
runoff. We are specifically interested in an area of swamp forest near

Lac des Allemands. This lake is now highly eutrophic, principally because of
axricultural runoff. Under natural hydrologic coanditions, runoff from higher
aveas would percolate through the swamp. Now, beca..> of an u:tensive network
of drainsage canals , nutrient lades run,it flows directly into waterbodies
causing the eutropiication problem. This problem affects both fresh and
estuzrine waters and 1s beginning to threaten cormarcial fi heries. Earlier
studies in Louisiana have shown that when fishery qasté# were applied to
wetlands, the wastes were assimilated and productivity of wetland vegetation
increased by as much as 50%. If the research proposed herein is successful,
it will show the utility of natural treatment for non-point source runoff,
Thus, a widespread cause of deterioration of water quality in south Louisiana
may have an economical solutionm.

13. Dendi&&? S. A., J. W. Delleur, and J. J. Talavage. 1973. Systematic
planuing of urban storm-drainage utilities. Internatiomal Symposium on Urban
Storm Watzr Management, C. T. Haan, Editor, University of Xentucky, Lexington,
pp. 22%9-234.

Abstract: A comgputer program packaga is.develaped that integrates and inter-
faces. 1 urban growth simulati-n model, LANDUSE, and an urban hydrology model,
a modified version of STORM. Alternate growth scenarios can thus be directly

related to the corresponding storm-drainage systems. 1If these systmes are
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_signed to achieve specified standards of p=rformaunce, then a useful
rwmparision rmong several possihle urban growth patterns can be perforned.
+ile . urban area encompasses several natural watersheds, the hydrologic
models simulat- vue walershed at a time. The different watersheds that
partition an urban agzlomeration create a tree-like or dendriform
-enfizuraticn. The zlanning of a global storm drainage :vste1 for such a
conglomerate'of basins can b. efficiently accomplished by a coordination of
the lucer~ccions amoag the different basins. A model for thesé interactions
is develuped. The planning wariables are the drainage netwnrk capacity, the
placement and size of the storage facilities, and the size of a central
treatment fa;ility. An example of applicatica is shown for a mediium size
community in Indiana.
l4. Diniz, E. V. 1979. Water quality prediction for urban runoff, an
alternative approach. Stormwater Manzgzzment Model Users' Group !‘zeting
Proceedings, Project Officer, H. C. Torno, Washington. D. C.
Abstract: The accurate prediction of storm water quality resulting from
non-point sources of pollution has recently become a significant area of
interest. In general, storm water qualitr is a function of the total
pollutant accumulation on all surfaces exposed to rainfall. Howsver, the
rainfall intensity and wash-off capacity of the pollutants are also important
factors. After pollutants have been dislodged from 2xpos.d =zurfaces, overland

4
'

flow and channel hvdrav'tics determine che pollutant concenrrarions evid:aced

at a downstrea observat on of sampling site. Recent stul’es have indicated
that pollution accumulatic: rate sre affeacted by several factors including

land use, population density, impervious area, traffic inteasity, condition of

surface area, total overland flow length, time from last rain, street sweeping
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frequency, climate, and season. A water qualitv predi-=-ion strateg?, as
normally fornulated, req:ires the compilation of 2 data base, calibratics éf a
predictive model, simulatiocn of existing and future conditions, analysis of-
these predictions, and use of the results in plauniig decisions. Consequently,
the data base provid:s a foundation on which both the analysis and subsequent
decisions will be carried out. Because of the importance of valid data to the
overall strategy, numerous investigators have attempted to compile data which
could be used to develop prediztive correlations between land use, watershed
. characteristics, runoff, and water quality. The result of these efforts is a
very comprehensive data base fecr ereas throughout thz United States.
Unfortunétely, the data collection and analysis proczdures utilized by .ach
investigator were rarely uniform and consequently different sets of data ﬁave
to be carefully processed to be comparable.

15. Diniz, E. V. 1980. Quantifying the effects of porous pavements on urban
runoff. National Symposium on Urban Hydrology, Hydraulics, and Sediment
>Cont:ol, Lexington, KY., pp 63-70.

Abstract: Porous pavements have been suggested as a means to reduce volume of
runo ff as well as peak flows resulting from urbanization. The use of porous
pavements allows for infiltration into the ground from paved areas which would
otiierwise be impermeable. Porous paveﬁents can also be used to reduce the
overload o existing storm sewers. The effects on rmoff quantity and quality
fr~m porous pavements have been quantified by a modeling scheme which considers
the pavement and subgrade as two hydraulically connected coatrol volumes
forming a single system. Inflow to the system are direct rainfall and an
overland flow hydrogcaph from contributing impervious areas. Outflows from

the system include vertical seepage, horizontal drainage, evaporation, and
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surface flow in the rase of a.surcharged porous pavement. Model input require-
ments include physical dimensions of the porous pavement, rainfall intensities,
and impermeabilitics of the pavement, subgrade, and natural ground. A depth-
storage function for the pavement and subgrade is also necessary. A
comprehensive temporal accounting of flow and storage in cach élement of the
system 1s output from the model.

16. Freund, A. P., 3nd C. D. Johnson. 1980. Comparison and relztionships of
stormwsater quality and basin charvacteristics: Madison, Wisconsin.
'International Symposium on Urban Storm Runoff, C. T. Haan, Editor, University
o7 Keatuckw, Lexington. ‘
Abstract: The physical and hydrolco;ic characteristics of three large and
diverse urban catchments in Madison, Wisconsin are examined and relationships
are developed between rainfall, discharge, sediment and nutrients using
regression analysis. The developed relationships provide a basis for comparing
the behavior of each basin as related to its physical characteristics. The
results of a street debris sampling program undertaken in each of the monitored
urban basins are reported, and implications for stormwater management are
briefly explored.

17. Gburek, W. J., and J. B. Urban. 1980. Storm water detention and
groundwater vecharge using porous asphalt. Initial Results, International
Symposium on Urban 5:~-- Runcff, Lexingion, KY.

Abstract: Data collected and vL-ervations made during the first 2 years of
operition of the Willow Grove facility :llow us to assess the potential of
porous asphalt pavement for storm water detenti-~n aand groundwater recﬁarge.

To date, the porous asphalt plot has produced no surface runoff from either

high~intensity or long-duration rainstorms to which it has been subjected;
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7.0 in/hr for & min (Z53-yc return period), and 0.37 ia/hr for about 8 i (S-yr
return period), respectively. Generally, 70 to 90% of the rainfall appears as
percoi-.le below ihe plot on boith the monthly and the individual storm basis,‘
although commonly no percolate appears during individual events of up to about
0.3 in. Groundwater beneath the porous asphalt plot responds relatively
rapidly to rainf- i, usually within about 6 hours, and at the center of the
nlot it tises approximately 5 ft. per inch of rainfall. A very localized
grount.ater moumd is farmed by every storm that caises percolate to occur, but
this mound Turms and dissipates rapidly. Concertr.:<ions of both the critical
inviganic asd organic water quality parameters within the percolat: leaving
the porou§ asphalt plot are well below acceptable drinking water standards;
the percolate seems to pose no groundwater contamization threat. Field testing
of the strength of the porous asphalt plot showed that the plot as constructed
is able to support light to moderate traffic. Observations during severe
weather conditions indicate that the porous asphalt layer does not seem to be
affected by freeze/thaw conditions, and remains relatively skid resistaat
durirg both wet and freezing weather. Finally, the initial results élearly
show that groundwater is recharged under the porous asphalt plot throughqut
the year, whereas that under the adjacent grass cover plpt is recharged lit:le
or not at all during the growing season.

18, Grigg, N. S., L. H. Botham, L. Rice, W. J. Sho2maker, and L. 8. Tucker.
1976. Urban drainage and ilood contro! projects: Economic, Legal and
financial aspects. Hydrology Paper No. 85, Colorado State University, Fort
Collins.

Abstract: Techni,:vs for evaluating minor and major Urban Drainage and Flood

Control (UDFC) Projects are described. Economic, political, engineering,
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financial and legal problems must be faced prior to implementation of proper
levels of these projects. The m-asurement of tangible benefits is described
while a literature review revealed no direct objective techniques for
quantifying intangibles. Hovzver, some methods for establishing the relative
rankings of intangible contributions show promisc f¢- improvement of evaluation
technisues. The legal problem of establishing benefits is described and a copy
of recent en-cted Colorado legislation is included. Information on the
estimation of flood damages and the selection of discount rates is presented
for use by the ana'yst. Carefu! coordintion of land use and drainage control
measures is stressed. Related recent legislation and recilations are included.
19. Grigg, N. S., A. M. Duda, and J. Morris. 1980. Stormwater management in
coa= 1 North Carolina. U¥ationzl Symposium on Urban Stovmwater Management in
Coastal Areazs, C. Y. Kuo, Editor, American Society of Civil Engineers,

New York, pp 33-34.

Abstract: The objective of this paper is to provide an assessment of the
magnitude of the stormwater runoff and flooding problem in the North Carolina
coastal zone, to describe existing management programs, and to provide
recommendations for improving stormwater management progsrams. The discussion
will be based on the practical aspects of a fragmencad and pluralistic
approach to stormwater managemant in the coastal zone, inzluding: three levels
of governmont, several categories of problems, =1 the multi-l: objective
approach *o problewn soluticns. The State of North Jarolina approaches the
stormwater manag ment problem realistically using the approach of seeking
multip's objectives through multiple means. We cannot expect that new
comprehensive stormwater management 1egislation or extensive new management

programs will be approved by the General Assembly in the near future. The only
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altenative is to make mid-coursn corrections in our various existing programs
at the local, state, and federal 1-vel to ensure that they work togelhar an!
work more effectively.

20. Guy, H. P. 1978. Sediment management concepts in urban storm water
system design. International Conference on Urban Storm Drainage.

P. P. Helliwell, Editor, University of Southampton, England.

Abstract: Storm drainage systems can be designed which will greatly reduce
peak ratas of runoff and the ame -:: of sediment and pollutants normally
transported from urbanizing cad urban arias to riceiving water bodies.
Reduction in peak flow rates rz=duces the potential for serious channz’
enlargement and additicnal sediment problems downstream from the developmen:.
Optimum design can be :s:zbievc! through good land-use planning that is well
coordinated with natural drainage. This in turn, will make it possible to
minimize excavation and soil exposure during construction, and provide a
maximum of individual and (or) community onsite storm water detention storage.
The resulting storm drainage system would usually have a lower initial cost
and result in a more esthetically pleasing neighborhood than generally exists
with conventional designs; but, may cause loss of convenience and be more
costly to maintain.

21. Hawkins, R. A., B. F. Mgloy, and " J. L. Pavon. 1979. Procedure for the
establishment of statewide wast2land allocations. Stormwater Management Model
Users' Croup Meeting Proceedings, Project Officer, H. C. Torno,

Washing:on, D.C.

Abstract: State rogulatory agencies are faced with the problem of developiag
effluent limitations for industrial, semi-public and muaicipal dischargers

which assure that water quality standards are met and that the economic burden
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of environmenta. protecilon ls shared as equitably as possible among all
dischargers to a stream segment. In the past, emphasis has been placed on the
development of sound technical water quality modeling procedures and the
calibration and verification of the water qualitv models. The purpose of this
piper is tu present Lhe minimum treatm:nt requirement= which have been
acstablished for disc’iargers by the United States Environmental Protection
Agency and a procedure which allows regulatory agencies to decide where limited
resouices for waier yuality sampling and field investigation should be placed
in developing defensible was.2 load allocations.

22, Henry, J. G., and P. A. Ahern. 1976. The effect of storage on storm and
combined sewers. Canada-Ontario Axceecement Research Program, Ottawa,

Ontario, Canada.

Abstract: The effect of storage on storm and comblned sewers has been
investigated for a residential subdivision of approximately 100 acres area,
under development in Southern Ontario. The storage methods examined were:

(1) ponding of rainfall on flat roofs; (2) on-site storage of roof runoff;

(3) storage of flows from street gutters at catch basins; and (4) holding
reservoirs as part of the sewer network. A hydrograph model for estimating
stormwater runoff from residential areas has been developed and incorporated
in a computer program. The model was used to determine the outflow hydrograph
at the st - sewer ovutfall from ¢l subdivision for a svnrhetic two-year
dezizn storm. An alternate dasign, replacing the separate sanitary and storm
sowers by combine” seivers, was carried out and the out flow hydrogy wh from a
combined sewer network was determined. The effects >f ¢ iferent storage
methods on the outflow hydrograph were tested for both the separate and

combined systems. Substantial reductions in peak flow were found to occur as
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the level of siorage was increased, with holding reservoirs providing the
greatest reductions. Cost data from the original separate system design were
used te colibrate formulae for estimating sewer pipe costs. The total costs
of systems incorperafing various storage options were comparea. A combined
sewer system was found to be slightly less expensive than the separate system
and small cavinge 7 cubdivieis: sower costs rev :lted wheo storage was
incorporated.

23. Jackunon, Thomas J., and Robert M. Ragan. "H:-irology of Porous Pavement
Parking Lots,", Journal of the Hydraulics Division, ASCE, Vol. 200, No HY12,
Proc. Pap-. 11010, December, 1974, pp. 1739-1752.

Abstract: Numerical solutions of the Boussinesq equation were used to examine
the hydrclogic behavior or porous pavement systems incorporating subdrains in
open graded base courses placed on impermeable membranes. A series of
numerical experiments showed that substantial control of the runoff hydrograph
from parking lots could be obtained through the use of porous pavements. The
numerical experiments conducted with synthetic design storms were used to
develop equationé and graphs for use by engineers designing porous pavement
systems for runoff control.

24. Kamedulski, G. E., and R. H. McCuen. 1978. The effect of maintenance on
storm water detention basin efficiency. Water Resources Pulletin,
14(/):1146~1157.

éEEEP;:E: Stov.r watar detentirt is an effective and popular iaethod for
controlling the effects of incro«i;ed urbanization and development. Detention
basins are used to control both increases in flow rates and sedimentation,
While numsrous storm water management policies have been proposed, they most

often fail to give adequate consideration to maintenance of the basin.
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Sed iment accumula*ion with time and the growth of grass and weeds in the
cmergency spillway are two maintenance problems. A model that was calibrated
wvith data from a storm water detention basin in Montgomery County, Maryland,
is used to evaluate the effect of maintenance on the efficiency of the
detention basin. Sediment accumulation in the basin caused the peak reduction
zctor to decrease while it increased as vagetation growth in rhe emergency
spillway increased. Thus, the detention basin will not f:nztion as intented
in the design when the basin is not properly maintained. Thus, mziatenance of
detention basins should be one component of a comprehensive storm water
management nolicy.
25. Kamedulski, G. E., and R. H. McCuen. 1979. Evaluation of alteraative
stormwatar detention policies. Amcrican Society of Civil EIngineers, Journal
of Water Resources Planning and Management Division, 105(WR2): 17i-186.
Abstract: Mathematical modeling 1s a quick, inexpensive and effective means
of evaluating existing stormwater detention policies and =zxanining alternative
policies. The model was then calibratéd with data collected from a watershed
located in Montgomery County, Maryland. The data base included measured
precipitation, and both sediment and flow into and from the detention basin.
Model studies indicate that many existing SWM policies do not meet the intent
of SWM %“ecause they i nore the volume-duration frequency concept that has long
been used in hydrologic design. <'7{ policies often fail to specify z duration
for detenticn basin dea’zn and limit the design [ .juency 15 & single return
period. A detoatian that is designed using a policy based on a single retuca
period will not 1 wmit the entire flood frequency curve te that of the
before~development conditions, and thus the policies do not satisfy the intent
of a SWM. Also, less costly designs are possible if both basin volume and

outlet characteristics are considered simultaneously.
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26. Krishnamurthi, N., and J. L. Balzer. 1978, Design-storm for
sedimentation ponds. Environmental Quality Department Utah International
I:c., San Francisco, Califoraia.

Abstract: The office of Surfa:: Mining and Reclamation has adopted a 10-year,
24-hour precipitation event as the design storm for scliment=ztion ponds to
limit sediment crone2ntrations in effluents. The authors feel that the
design-storm approach using the f;equenc; analysis is seldom warranted often
leading to overdesign and undue costs. This paper discussed the physical
process of precipitation that causés runoff and how it should be considered in

devel-ping the critaria for the d2sign bf sedimentation ponds. The authors
recoummnand that the Office of Surface Mining revise the design principles of
sedimentation ponds both for environmsntal and econumical reasons and that
they increadse emphasis on limiting the sediment volume flowing sast a mining
.facility rather than limiting its concentration in the effluent. 1t is their
hope that these recommendations could influence EPA effluent regulations in
the future.

27. Xrishnamurthi, N., and W. T. Lenocker. 1980. Comparison of HEC 1 and
TR 20 Programs. National Symposium on Urban Stormwater Management in Coastal
Areas, C. Y. Kuo, Editor, American Society of Civil Engineers, New York,

N. Y., pp 92-98. |

Abstract: Determination of peak flows in an ungagad watershed has been of
interes. to the practicing engineers due to th2 incraased iaterest on flood
plain management programs at the local, state and federal levels. For the

s havea

[

ast two deccdes, research institutlons and academic universiti
p ’

developad many rainfall-runoff simulation models for the ungaged watersheds
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ami some of the u..2ble and comm.>ly used models are: (1) Stanford Watershed
Modal, (2} HEC 1, {3) U.S5.G.S.-Dawdy Model, (&) Tr 20, (5) USDAHL, and

(6) ILLUDAS. While these models are well documented relative to the purpose
of programs, identification of variables and explanation of input and output
reacedures; vevy little work is dene on the comparision of th:se models. The
objective of this »aper is te compare two of the abovz-mentioned model:,
aame "+ HEC ! and TR 20, with respect to their accuracy and res~urces needed.
et ] rrpgram was develcrod by the Hydrologic Engineering Center of U.S. Army
Corps of Engineers to handle flood hydrogranh computations associated with
srecipitation and runoff on a complex, multisub-basin, multichannel river
basin (1). TR 20 program was developed by the Soil Conservation of U.S.
Department of Agriculture to compute surface runoff resulting from any
synthetic or natural rainstorm (2). Detailed descriptions of these programs
and of imput parameters are explained in their user's manuals (1, 2).

Based on preliminary testing, the authors feel that if rainfall/runoff data
are available, HEC 1 program is best suited to calibrate the input parameters
of a rainfall/runoff simulation and to predict the peak flow of floods.
However, Snvder and Clarks' coefficients for HEC 1 program are not readily
available for many ungagzd watersheds. For such watersheds TR 20 programs can
be best utilized through the us=2 of soil survey maps.

28. Lai, C. 1980. Urban storm sewer flows in coastal areas. National
Symposium on Urban Storw:-.-r Management in Coastal Areas, C. Y. Kuo, Editor,
American Soziety of Civll Engineers, New Yorx, pp 244-2%%.

Ab-r- st: Aralyses and manajemzat of urban stormwartev in coastal areas have

1y imp -~tant subjects in recent years. Urban basins are

clume lncrszas:ing

generally small in size and generally consist of a large percentage of
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imparvious surface. Many sewers !, copastal arens are characterized by small
conduit slopes and by tide-afizcted flows. Additional features, such as rapid

change of discharge due to subtropical rainstorms, are common to the sewers of

oo
- -t

El

tor 3 in the Miami, Florida area exhibit a
number of these flow characteristics typical »¢ urbanized southern coastal
areas. Accura:? gimulation of this class of flows remains a difficult subject,
and general, rational and reliable deteraministic methods for solving such flow
probleme are necdzd. The purpose of this papaer is to examinc and explore
methods [:- arnalyzing the transient flows of ur:.i storm sowers in southern
coastal a-zas. The study considers three ganeval cases: a) full-pipe or
closed conduit flow, b) free-surface or open-channel flow, and ¢) two~phase or
mixed flow. For ease of formulating a workable approach, sgorﬁ sewar
conflguratiens in Southeast Florida are used to develop the numerical solution
technique. Numerical schemes for simulating these three types of low have been
investigated, and a computer model. for full-pipe flow has been applied to a
storm sewer flow in South Miami, Florida. The simulated discharge hydrograph
generally agrees well with the measured one; however, some refinement in low
discharge analysis seems to be necessary. The use of rigid water column theory
foc fuli-pipe flow is adequate for most sewers. 'Minor losses'" contribute
significantly to hydraulic lost in the flow s mulation. A U-shaped flow
control device may be used advantazeously to obtzain a point dischargs in a
sewer pipe for the open-channel flow regime. In fact, some U-shaped

constrictions have been installed for this purpose in south Florida sewers by

tha U.S. Geological Survey.
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29. Ta*::os, D. F., and K. C. W swell. 1978. Computer simulation of storm
drainage system: A case study based on the use of the Pean State runoff model,
International Symposium on Urban Storm Water Management, C. T. Haan, Editor,
University of Kentucky, Lexington, pp 1-12.

Abstract: Successiul mriaagement of urban water resources depends on the
ability of urban planners and mansgers to przdict accurately the effects that
increased urban develog vent will have on storm water runoff. The lack of
simple methods for prediction of watershed response to storm events is a major
factor contributing to increased urban flooding. The Penn State Runoff Model
is a .'aple and concise storm water simulation program, developad for the
purpose of analyzing the timing of subarea flow combinations and their eflect
on downstream flow rates. Information on the manner of combination of subarea
flows provides the basis for evaluation of flood-control altenatives for the
source of the flooding problem rather than the point of actual flooding. The
Peak Flow Presentation Table, a major output of the model, lists the
subwatershed flows that combine to form a flood flow downstream. The timing
of peak flows from individual subareas determines the magnitude of aggregate
flow downstream, which in turn determines the extent of flooding. The results
of & storn drainage study illustrates the practicality of the Penn State Ruwvcff
Model in developing realistic control alternatives for storm-related flooding
problems. This studv involved develor.ent of detailed schematics of the storm
drainage system and accumulation of flow and rainfall data required for use of
the model. Evaluation of the various runoff-control alternatives revealed
some situations wher: conventional control measures are required to alleviate
‘the immediate problems. The planning and analysis had to be sufficiently
comprehensive to insure that the control program developed for the Town did

not place an unwarranted runoff burden on downstream properties.
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30. Lockwood, G. 1980. New approach to storm drainage pipe dasign. Civil
Eagiazering, pp. 359-61.

Abstract: Using a recently developed computer program, drainage swales can be
desizned to provide short-term storage of stor&water. Benefits of this
approach to stormwater management include reduced sewer pipe size requirements,
minimal pollution of streams a:l lakes from run-off, reduced flooding during
peak storm periods and, if desir2d, a recharged aquifer.

3. Looper, R. D. 1980. Calibration and application of a watershed ﬁlanning
model. National Symposium on Urban Stormwater Managoment in Coastal Ar:as.

C. Y. Kun, Editor, ‘unerican Society of Civil Zazinesrs, New Yorlt, pp 152-16".
Mngtract: Accurate determination cf the storm water runoff process is critical
to the overall effectivensss of a stormwater drainage mastarplan. For a storm-
water drainage masterplan consisting of sixteen basins in Pi.~llas County,
Florida, The Soil Conservation's TR-20 computer model was selected. This model
was formulated to improve the quality of watershed project planning by pro-
viding a large degree of flexibility in developing input parameters and by
quickly evaluating alternative drainage systems. However, in order to apply
this model to a coastal area, calibration of various iaput parameters had to

be accomplished. The TR-20 model utilizes synthetic unit hydrograph theory
which use input parameters based on the physical characteristics of a
watershed. Several of these parametars, such as rainfall, infiltratisa, soil
moisture capacity and time of concentration required special attention due to
'the topography and hydrology of coastal areas. Verification of TR-20
parzmeters was accomplished through use of the continuous event model, STORM,
and the single event model, HEC-1. This paper will presant the calibration

and application of the TR-20 watershed plamning model to Alligator Creek Basin
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in Piaxllas County, Fiorida. Pr: ' lems encountered with the HEC-1 model
perrain mainly to the loss rate parameter relationship with STORM and TR-20.
By reconstituting observed runoff events, HEC-1 must optimize los: rate
parameters given estimates of starting values for input variables. Thesa loss
rate parameters are not directly comparable to those used in the SCS curve
number runcf{ tnalysis. The principal difficulty in using the TR-20 model is
encountered when trying to appl - the model to develop basings. Altlough TR-20
prevides a rouring nvoacsdure for reservoirs and channels, closed conduit
systems are noi provided for. This limitation ex:zludes T"-20 from baing used
in the analysis of s .ered areas.

32. Maaz, P. E. 1980. Development of a dynamic stormwatw~. management
system. National Symposium on Urban Stormwater Manzgement in Coastal Areas.
C. Y. Kuo, Editor, Am~rican Society of Civil Engineers, New York, pp 163-172.
Abstract: Conventional stormwater drainage masterplans are generally
developed to provide both a solution to existing flood problems and to provide
adequate drainage for anticipated future development in a watershed. The
evolution 2~d selection of drain::;» improvements are based on Ulti-it: Land
Use (ULS) conditions, as envisioned at the present tiae. Any ch ages to the
ULU conditions of a drainage basin or revision of the recommended improvement
t~ a ck-nnel in the basin can . e the stormwater m-sterplan obsolete or
inadequate. Extensive revision: ~-d leagthy compitations are ragiirzed to
update the masterplan and maintain it as an effective tool in solving drainage
problews. A systems approach was used to develop dynamic stormwater drainage
masterplans for Pinellas County, Florida. Computer prograas were obtained or
de&eloped to digitize the basin, calibrate and develop the hydrology and modal

the hydraulic characteristics of the basin. The strength of a dynamic
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masterplan lies inm its flexivility afrer the final masterplan is submitted.
The client is provided with program decks on the computer models used and
copies of all imput files. As land use patterns change, the masterplan can be
updated and checked to see if the alternatives are still adequate. If the
alternarives prove inadequate‘or other changes are proposed, they can be
quick?; -saluated zad l..orporated into the masterplan. In this way the

client alwa

4
0]

i current mgsterj1an that can be an effective tool for use
‘nourbon nlancing. “he advantages of dynamic storawater masterplans lacludet
1. The ahility to maintain a current masterplan by incorporating changes ia
the land use pattern.. 2. The ability to quickly evaluate proposed changes to
the masterpian at a specific lcocation. 3. The ability to quickly evaluate
downstream resporszs to changes in the masterplan. 4. The ability to obtain
water quality indications of the proposed changes.

33. Mariles, 0. A., J. L. S. Bribiesca, and R. D. Mora. 1978. A numerical
procedura to design drainage networks based on the hydraulic and storage
capacities of the pipes. International Symposium on Urban Storm Water

Management, C. T. Haan, Editor, University of Kentucky, Lexington, pp 333-346.

Abstract: A numerical procedure based on finite difference computations has

been developed by the authors to calculate, at any time and at any site of a
given network, the hydraulic parameters, i. e., velocity and depth. By this
way and L.%ing into account thr: siovage at rugisters and wanholes, it is
possible to simulate the whole work of the aetwork and to know the volume of
storm water that is not possible to mana:ze inside : "2 pipes. Since such a
volume will produce a flood and cause a certain damage, it is possible to
associate the damage for several storms with different return periods with the

cxpected damage for a certain design. 1In such way the expected damage
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associated to each design can be known. If the benefit of a design is assumed
to be the expected avoided damage at actual conditions and with a certain
design, two graphs can be drawn; the first one will be the cost of the design
against its capacity and the second will be the benefit as:zociated against its
capacity. The selection of the right design becomes obvious.

34, Mattraw, H. C. Jr., J. Hardee, and ®. A. Miller. 1978. Urban stormwater
runoff data for a residential area, Pompana Beach, Florida. U.S. Geological
Survey Open-file Report 78-324, Tallahassee, Florida, 108 pp.

Abstract: The U.S. Geological Survey has measured rainfall, runcff, and
runoff quality for three urban sewered basins in Broward County, Flerida.
Approximately 2 years of records have been collected for a 47-acre single-
fauily residential area; a 58-acre, 3,000 foot secondary divided-highway
segment; and a 28-acre commercial shopping center. The three homogeneous
areas were gaged with an automatic, integrated instrumentation pickage or
urban hydrology monitor. The urban hydrology monitor collects and
synchronously records 36-second interval rainfall and water-level information
The collection time of 24 water-quality samples is also recordad. Discharge
is computed from the difference in stage through a U-shaped construction
{(Vonturi flume) placed in a sewer pipe. Approximately 100 raiufall-runoff
periods per site were digitized from analcg records and stored in an urban
data management system. Sets of nutrient and heavy-mctal water-quality data
vere collected for 30 or more storms at each of the three arcas and stored in
the syst-.i. Loals computed for the three areas indicote the importance of the
hydraulic interconneclion between impervious areas. Factors which ailfect
storm-wiicr runoff loads include landuse, proportion of hydraulically

interconnected impervious area, seasonal distribution of rainfall, and the
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antecedent dry period. The variability within a basin is great, indicating
the need for systematic collection of runoff-quality information fer a variety
of conditions prior to any satisfactory calibration of currently available
models.

35, McCuen, R. H. 1980. Water quality trap efficiency of stormwater
wanazzment basins. Water Resources Bulletin, 16(1):15-21.

Abstract: While the quality of rivers has received wuch attention, the
degradation of snall streams in upland areas of watersheds has oanly recently
been recognized as a ma)>r problem. A major rause of the problem is increases
in nonpoint source pollution that accompany urban expansion., A case study is
used to examine the potential for storm water detention as a mcans of
control! ng water quality in streams frequently used to control increases in
discharge rates, can al:> be used to reduce the level of pollutants in inflow
to receiving streams. Data collected on a 148-acre site in Maryland shows
that a detention basin can trap as much as 98 percent of the pollutant in the
inflow. For the 11 water quality parameters, most showed reductions.of at
least 60 percent, depending on storm characteristics.

36. McCuen, R. H. 1979. Downstream effects of stormwater manégement

basins. American Society of Civil Engineers, Journal of Hydraulics Division,
105(HY11): pp 1343-1356.

Abstract: Urbanization.ge..ocaces the natural storage of a watarshed, which
changes tr~> ciming char-:ieristics of the runoff. Stormwater managoment (SWM)
basins ar2 an -~"tempt to put the storage lost throuzh developmant back into
the runoff process. While SWM basins provide the proper volume of storage,
they fail to return the timing characteristics to those that existed prior to

development. The changes in storage and timing characteristics may have
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adverse effects on fl-w rates and bedload transport in downstream channel
reaches. A study of a 2.12-sq mile watershed in Montgomery County, Md.,
showed that a SWM basin increased both peak flows and bedload transport rates

in the channel downctream from the facility. This results from both the
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These resu 3w policies must require evaluation of SWM plans
on a regional basis and not just using cr-site control criteria. Also,
methods that can eviluate storage and timing changes must be us2d in the
desizgn of SWM facilities.

37. McCuen, R, H. 1979, Storuawater man:geéent poliss and design. Journal
of Civil Enginee:ing Design, 1(1): 21-42.

Abstract: Stormwat2- management is recognized as a requisite to controlling
storm runoff from dzveloping areas. To best meet socletal needs, num:rous
policies have been adopted to meet the intent of stormwater management.
Unfortunately, many policies are deficient in their failure both to lead to
designs that meet the intent of stormwater management and to provide the
proper guidelines for translating policy into a design that provides the
maximum benefit to society. Specific deficiencies of many policies include:
1) the use of a single frequency; 2) neglect of storm duration; 3) inadecuate
consideration of maintenancej 4) inrc:.nsitivitv to the importance of scil
characteristics; 5) lack of recognition of difference~ hetween water quality
and quality control; and 6) Jack of consideration of downstream effects -7
detention storage. The effect of these policv deficiencies were evaluaced.
Different hydrologi: me-hc s are being us-. to translate policy into design,
including graphical, empirical, unit hydrograph, and conceptual models. These

methods provide different designs and differ on other important criteria,
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including accuracy, training requirements, design cost, total cost, and their
sensitivity to policy components. The different hydrolozic methods are

these eriteria.

38. Mocdic, 4. R., J. D. Scholes, and D. G. Thompson. 1978. Design of a
stormwater quality and quantity monitoring system for an urban catchment - An
Australian case study. International 3ymposium orn !lirban Stormwater Management,
C. T. Haan, Editor, University of Kentucky, Lexingtén, pp 135-142.

dbstract: The rusalts of a preliminary investigation into stormwater runoff
quality from au urhan catchment in Melbourne, Aus:ralia, are presentoad and
discussed. Similarities with the results obtained "y workers in the USA ara
noted. The results of t: przliminary Investization are shown t. be useful in
designing and op:rating a storuwater quality and quantity monitoring system
for the catchment. Aspects of tﬁe design of this system, such as the
selection of sub-catchments for instrumentation and the design of a device for
constant proportional depth sampling in a large Parshall flume, are also
outlined.

39. Myers, V. A., and F. P. Ho. 1980. Coastal tide frequency, Virginia to
Delaware. National Symposium on Urban Stormwater Management in Coastal

Areas. C. Y. Kuo, Editor, American Society of Civil Engineers, New York,

pp 74-82.

Abstract: More than 2000 .:"l2s of United States coast are at a risk from
temporary inudations by storm-driven sea water. Judicious decision on the
part of the coastal zone that shall be occupied and on rational use of this
occupied part, on lessening risk to life and property by‘structural means, on
routes . d refuges that will be needed for evacuation whgn a major storm
‘threatens, and on flood damage insurance rates, requires knowledge--in
probability terms—-of the eievation and lateral ev:iant of the space that
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storm~driven sca water is likely to occupy. The behavior of cuvastal storms is
ultimately assessed from uist experience., The longer the return period of
flood heights to be determined, the larger the experience sample required.
Local experience with hurricanes does not necessrily reveal the true risk.
In this study, "experience' is enhanced by applying all the data of a region
to ez:h coas*al point, by deriving data needed (storm tides) from data
available (metecrlogical parameters), by computation with tosted models, and
by developing hypoth: ical storms that collactively represent the fulf range
af sossibilitics. This summary p -er illustrates this approach to coastal
ride £ jsency T cressiant, using the coast from the Virginia=Yorth Carolina
border to Delaware Bay ("Delmarva" cuast) as the example.

40, Nawrocki, M., and J. Pietrzak. 1976. Methods to control fine-grained
sedi.2nts resulting from construction activity. Hittman Associates, Inc.,
Columbiz, Maryland.

Abstract: This publication is the third in a series issued under Section
304(e)(2)(C) of Public Law 92-500 concerning the control of water pollutien
from construction activity. This document was prepared for use by planners,
engineers, resource managers, and others who may bacome involved in programs
to effectively provide for sediment control. Standiard erosion and sedim=nt
control measures are usually zffective for preven:ing the runoff of the total
sediment load. The effectivencss of these standard techniques, however, has
been found to be relatively poor with regs-l to preventing the runoff of the
fine-grained fractions, such as the silts and clays. The objective of this
study was to rescarch practical, cost-2ff2:rive methods that would help to

reduce specifically the fine-grained sediment pollution derived from

construction activities. The prime consideration during this study was the
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aso or ad-ptation of exisving technology, as described in tho current
1:;erature or data, to the fin--zrained s-diment polluticn problem.

41. Novitzki, R. P. 1978. Hydrology of Wetlands in Wisconsin. U.S.
Department of the Interior Geological Survey, Water Resources Division,
Madison, Wisconsin.

Abstract: Interest in the role of wetlands in the hydrologic system has
intengifiad in response to increased environmental concern. However, little
informition is available cencerning those hydrologic factors that influence
wetlands and conversely, the . "{2:"s of wetlands on the hydrologic system. To
manage wetlands as a significant element in the total cnvironment will require
a better understanling of their function in the hydrologic system and their
effect on the quality of water moving through them. The initial purpose will
be to classify wetlands accori.ng to their function in-the hydretngic syastem.
In particular, the effect of the wetland on runoff, sedimentation, and
chemical characteristics of lakes or streams and the wetland's relati;n to
water levels and water quality in the ground-water system will be defined.
Several wetland sreas, each representative of one wetland category, will be
studier! in detail. The hydrologic system near each wetland will be defined to
determine direction of water movement, both vertical and horizontal, to
determin: areas of recharge and discharss, to determine the function of the
wetland in the local system, and to define the influence of the wetland on
fleod flows and low flows and sa2dimentation in associated streams in the local
system. The chemical nature of water entering, within, and leaving the
wetlands will be examined to determine the effect of the wetland on water

quality.
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42. Novitzki, T. P. 1977. Hydrology of th: Nevin fresh-meadow wetlands.
U.S. Department of the Interior, ucslogical Survey, Madison, Wisconsin.
Abstract: Wetlands have neen vanishing from the Wisconsin landscape at a
rapid taie. Approximately half of the original 5,000,000 acres have been
drained or affected by drainage. The fresh-uzadow wetland; nave been
vanisiiing most rapidly because of agricultural and urban pressures. To
presc-ve wetlands in the future, the Wisconsin Department of Natural Resources
wads ¢ ability to evaluate thé tangibli= values of wetland arc.s. With such
an evaluation, they (DNV) may be able to predict the tvp. an! magnitude of
disturbance that «wi!i be causod by proposed wetland changes. This project
will attempt to define the hydrologic system that presently maintains the
nevin wetland and to monitor and explain changes which may occur. The watev
quantity and quality entering and leaving the area will be evaluated with
respect to the influence of land-use changes, drainage, nutrients, sediment,
municipal and local pumpage, and the effects of the hatchery. Data
collections will include spring flows into wetlands, streamflow leaving
wetlands, water level, precipitation and evaporation. Water samples for
analysis of sediment, pesticides, snd total organics will be collected from
water entering and leaving welands and from ground water in shallow aquifers
in the study area. Imnventory of hydrology and geology influencing wetlands,
and analysis of quantity and quality of water moving through wetlands and its
related drainage basin will be made. Cha- 33 in quantity and quality detectad
by monitoring will be useful in evaluating those factors vhich may be

affecting the wetlands.
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43, Patrick, W. ¥, 1931, Effect of man's alterations on wetland and
estuar ina chemistry. Agricultural and Mechanical College, School of
Agriculture, Louisiana State ﬁniversity, Baton Rouge..

Abstract: Objectives are (1) to determine if specific lokes of Barataria
Basin are a source or sink for nirrogen and phosphorus; (2) to characterize

or interfaces in -hallow Says, lakes, au?

to der srmine the ignifican.e of sc’’‘mentation throughout
Sarzraria Basin in relation te nitrogen, phosphorus, and carbon chemistry; (4)
to determine the importance of mineral compo~ents of organic marsh soils in
neutralizaing. plant toxins such as sulfide; and (5) to continue studying
nitrogen .eactions in wetland syst:as; nitrogen fixation in water~sediment and
plant-soil systems using labelled nitrogen, and d:ni:.ificstion in natural
systzms. The information obtained from this study will.be used by public
agencies concerned with manzzement of coastal lands and resources, in problems
dealing with eutrophication, agricultural runoff, wastewater management, water
quality, primary production, etc., of Louisiana's coastal zoﬁe. Identified
benefits to date are (1) a trophic state index based on cluster analysis and
factor analysis of several aquatic parameters has been developed; (2) a study
has examined the relationship between chemical and‘physical properties of

marsh soils and the intriguing variations in plant growth; {3) demonstrated

the significance of sedimz-t tr=msport to marsh accretion -1 nutrient
cycling; zod (4) levalop =z bertter understanding of the altrogen cycle in a
Sparti . alternifiora salt marsh.

44, Peunzl, A, B. 1980, Retention/detention b-rins in coastal areas.
National Symposium on Urban Stormwater Management in Coastal Areas, C. Y. Kuo,

Editor, American Society of Civil Engineers, New York, pp 299-302.
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Abstract: Stormwater manageucat is an integral part of urban planning and
develop .:nt. Urban growth translates directly to an :icrease in the precent
of impervious surfaces that generate higher runoff rates and columes over a
shorter time period than previously generated from the undeveloped condition.
The traditional role of stormwa“er management was to remove the additional
water from the developed site as rapidly and efficiently as possible to
minimiz» the flood hazard aud inconvenience. Continued crowth and development,
cowpleting with a rencwed awarenes. of environment issues and coacerns, has
led to a re-evaluation of stormwater managoment practices. Present stormwater
manage..ont practices are moving to multiple objective :o.ucepts. These
generally include the traditional flood protection along with the preservation
or maintenance of the existir_; flow quality and quanitity. Use of the
retention/detention basin system serves as one of the basic tools in achieving
these objectives. The practicality of retention/detention basins in coastal
areas is a function of the optimization of design parameters relative to the
value served. The design parameters of particular influence in this regard
are groundwater table elevations and tailwater stages. Utilization of a model
that accurately accounts for these parameters is an eztonomical and timely
manner is paramount to fulfilling the obligations and goals of stormwater
management in coastal areas.

45. Peterson, J. 0., G. Zubenzer aad F. Madison. 1977. Evaluation of the
implc aentation of the White Clay Lake protection and management plan. School
of Agriculture and Life Sciences, University of Wisconsin, Madison.

Abstract: Implementation of the plan to provide protection of the water
quality of White Clay Lake presents an opportunity to assess the effectiveness

of protecting water quality by applying simple sediment and nutrient control
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measures in an agricultural watershed. Techniques such as clear-water
diversion, terracing, contour stripping, better manure handling systems, and
stream bank protection are us2ful soil and water conservation practices, but
institutinon of regulations to require apblication of such techniques on a
broad basis should be preceded by an evaluation of their effectiveness for
water quality protection. Major chang : in water quality vesulting from
implementation of conservation practices wiil! be most easily noted in the
incoming -ireams. Continuous monitoring of two streams which drain about 45%
of the watershed provides two ycars of backgr und data on water flows,
nitrogen, phosphorus, chloride and sediment transport. Evaluation of the
m>nagemer: plan implementation ‘nvolves a continuation of current lake and
watershe! monitoring activities plus some additional work using sediment cores
to delinczte the history of lake infilling. Additionally, evaluation of ithe
effect which marsh areas have on the quality of water entering the lake will
help giide judgments about the preservation of these wetlands for protection
of lake water quality.

46. Pitt, R, 1978. The potential of street cleaning in reducing nonpoint
pollution. International Symposium on Urban Storm Water Management,

C. T. Haan, Editor, University of Kentucky, Lexington, pp 289-301.

Abstract: This paper briefly describes the conclusions available at this time
frow an “’A-spoisored demonstration studv of nonmpoint poll. “ion abatzwment
through improved street cieaning practices. An important aspect of tle study
was develovment of sampling procedures to test screet cleaning equipment
performancze in réa1~wor1d.conditions. These procedurcs and the experiment
design are described in detail in the interim report. This paper summarizes

_accumulation rate characreristics of street dirt in the area studied. The
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r-sults of performance tests for street cleaning equipmeat and the factors
that are thought to affect this performance are also summarized. These data
are used to draw preliminary conclusions about elements that must be
consideraed in designing an effective street cleaning program. The study of
urban runoff yielded information on overall flow characteristics,
coacentrations and total mass yields.of monitored pollutants in the runoff,
and street dire rawmoval capabilities and effects on deposition in the sewerage
fsr various kinds of storms. These data are summar ized here, and urban runoff
weo2r quality is compared with recommended watsr quality criteria and the
quality of san’tary wastewater effluent. Costs and labor effectiveness of
street cleaning, runoff treatment, and combined runoff and wastewater
treatment ace also compared, and preliminary results from a study »f airboras
dust Insses from strest surfaces are summarized.

47. Ports, M. A, 1978. Erosion and sediment control design. Watershed
Permits Section, Maryland Water Resources Administration, Annapolis, Maryland.
Abstract: Since soil erosion and sedimentation by water are complex processes,
a better understanding of them provides a sound basis for developing improved
prediction and control methods for urban areas. The Universal Soil Loss
Equation is an important technique for evaluating urban erosion rates, and
various conservation practices are effective for controlling urban erosion and
sedimentation. Design of control plans requires the selesction of appropriate
cr=trol prastices., These topics are discussed and illustrated =5 they relate
t5 soly’ -, wrban problsms in erosion and sedimentatioa.

43. 7irrt, R. A., and R. L. Johnson. 1978. On-site sto-awater vetention.

Int roatioal Symposium on Urban Scorm Water Management, C. T. Haan, Editor,

University of Kentucky, Lexington, pp 91-94.

~A96-



Ahstract: Many ucban aress have tried various storawvater detention and
controlled release schemes to decreass peak flow rates for many reasons,
including lower costs for smaller storm sewers and decreased downstream
flooding. However, detention schemes have some disadvantages, -which include
land r:j;uirements and safety problems. An alternate method for reducing storm
sewer :2quirements 1s to use reteuntion, and rervute part of the flow that
would ordinarily be urban runoff into the soil for subsequent percolation iato
the ground water supply. Onsite retention methc.is can providas the same
advantages of pzak flow reduction as detention without the extra land
requirements. Most stormwater runoff in developed areas is from imperwvicus
cover. Reduction of runoff, both volume and rate, can be accomplished by
retaining a portion of the runoff from roofs using porous madia "freach
drains." Modifications were made to the Runoff Block of the Storm Water
Managemz:i Model (SWMM) from the Environmental Protection Agency. The
computer program was changed to allow a fraction of the runoff from impervious
sﬁrface to be immediately directed to omside retentidn units of specified
volume. Overflow from the retention units during extrem: storm periods was
onto adjacent pervious surfaces. Using a hypothetical residential drainage
area, retention volumes of 500 Et3/acre and 1000 ft3/acre were studied.

The fraction of impervious area wa: set at 0.30 and one—half.of this area
drained into the retention storagé. The modified SWMM cémp&ter program showed
that for a 5-year, l-hour storm, tihe total runoff volume with no retention was
363 ft3 which was reduced tn 256 ft3 and 218 ft for 500 ft3/acre and

1000 f;3/acre of onsite retention, respactively. For the same storm event,
the sum of the peak runoff rates of 132 cfs with no retention was reducted to
95 cfs with 500 £t /acre and 79 cfs with 1000 ft>/acre. Reduction of this

magnitude could have a large impact on stormwater management strategies.
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49, Reiter, F., and C. Fox, Jr. 1976. Evaluation of the cost-affectiveness
of non-structural pollution controls: A manual for water quality management
planning. CONSAD Research Corporation, Rittsbdrgh, Pennsylvania.

Abstract: The report presents a methodology for evaluating the economic costs
of nonstructural poilutica control techniques such as land use controi. Used
inatead -  or as a complement to structural pollution controls, nonstructural
alternarives can increase rthe effectiveness and/or decrease the costs of
achieving env rommental qualit— obj:ctives. chlufﬁa in the report are
chaprers or icgal foasibility, social impacts, and alternative comneonsatory
m-chanisme for nonstructural controls.

50, Schluchter, S., and M. Teubner. 1950. Coastal flooding of tidal
estuaries. National Symposium on Urban Stormwater Manageaent in Coastal Areas,
C. Y. Kuo, Editor, American Society of Civil Engineers, New York, pp 275-278.
Abstract: At the present time, several different two-dimensional surge models
are being used by Federal and private agencies to predict the magnitude of
hurricane surges along the open coast; however, surge levels in estuaries can
vary significantly from open coast values. Flood levels in these estuaries
can be accurately and economically determined using a one-dimensicnal unsteady
flow model. This paper considers such a model which includes both dynamic and
storage effects associated with the channel flow and the tidal flats, as well
22 including the effects of muiltiple-connect:& river junctions. An area along

th. .oxas coast has been selected to demonst.ate the model's capabilities.
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In thic -sper, - one-dimensional unsteady flow model has been briefly
described. Some of the features »f the model include:
(1) its capability of being able to handle a large number of rivers,

tributari=s and canals at one time;

Pl e

(2) its adaptation 